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54) LIQUID CONTAINER AND LIQUID CONSUMPTION DETECTOR 

57)Abstract: 

PROBLEM TO BE SOLVED: To suitably use a detected result in 
Jetection of fluid consumption using a piezoelectric element to 
mprove detection ability. 

SOLUTION: An ink cartridge 800 serving as a liquid container is 
>rovided with a liquid sensor 802 having a piezoelectric element for 
Jetecting a consuming condition of liquid inside a container and a 
consumption information memory 804 serving as a recording means. 
The consumption information memory 804 is a rewritable memory for 
rtoring consumption-related information linked to detection of a 
consuming condition by means of the liquid sensor 802. The 
consumption-related information is, e.g. consuming state information 
)f the detection result. Even if the ink cartridge 800 is detached, 
>revious consuming state information can be used. The consumption- 
elated information may be a detected characteristic to be detected in 
compliance with a liquid consuming condition. On the basis of the detected characteristic, a consuming 
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> state is detected by means of the liquid sensor 802. In this way, a consuming state can be detected without 
'aeing influenced by an individual difference of the ink cartridge 800. 
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1B©fib^Se*»IB^)WrffiSr*i"o 015 (A) (4, 
^v^y bia»8«o*^WrfiSr*-fo El l 5 (B) 
14, >f y ? y MBftSii£>f y ? # - h y 2 7 
2^^$ttfci#OWSSr^i-o <<>?i?~y h&m 

. jm&ttfatt&wmw*** v y^2 5 014, tb 

10 |cB«k^^ K2 5 2Sr*-T5c ^^^2 5 0(4, IB 
»^5> K2 5 2 0±ffiidi^y^>^^-^^ h 2 5 6£r^T 

9^9 h 3 3 tmmvmj&zm-tZo 

^-^ 2 5 6(4, ^^*-fyy^2 7 2(OfiI 
{Jffltc-Y V^tt*&tf2 5 4£r*pr5o ^^r^250 
14, -Y^^*-hy r^2 7 2 «r#tf-rs««fc, 
^^7- h y s/>>2 7 2<Dj£«S»c>ttrSi"r5J:5^a»2 5 
8£^nh£ 0 ^2 5 8*4, E*fift^fc£(D*tt:SB6 
fe^®2 6 0Sr*i"5 o 
20 [ 0 0 6 7 ] El 1 6 (4, El 1 5 Lfc|BS3£11tt:Sj L 
fc^^A- h y ^^OUSBIS:^ El 16 (A) 

t4, ^tf^y^^i^y^- by 5> 

2 7 2(4, ^^£ifc<g-f £^f§2 7 4 ir, ffi^gjl<7) 
>T 2 5 4ICS^^>'^«P 2 7 6 tS: 

^f-f 5o 2 7 4 (4, JSffi 2 7 4 a (C, flgfl 2 5 8 £ 

»-&-*-5Ba*&2 7 gsr^rrso qd§&2 7 8(4, s^^e 

it**, 0fl;Ltfy/Wfc**2 8 OSrilXS-fSo 
[0 0 6 8] 2 7 6(4, /V*^2 8 2, 

30 #^2 8 6, RZfs<*2 8 A^1~Z> 0 s*y*ls2 8 2 
(4, ^V^W*Sff2 5 4 fci**fc«-fr+5 0 #»2 8 6 
(4, s<*2 8 4^i t)/^V :3 r>'2 8 2\£lfttifW&&in 
5 0 >T 2 5 4^, ^^ttlSP 2 7 6tCjfA 

#^2 8 6^^y^ftM2 5 4(Cjf JtlT 
^>^K£M#rr6o **2 7 4C0±gP(C(4, 
^-fy ^^2 7 2C0-T v^«HcH-fSflMI«r»»Ufc 
*3M*iaig#a 2 8 8 36SK»*tt"Ct^6. 
[0 0 6 9] EI 1 6 (B) (4, >^ SrlKg-T 

^y^*- h y ^^^HlflSr^to ^§12 9 0 

40 (4, SfcJ:5fl[Jk<Ofll«, -r*^*>, 3o^y^2 
9 2, 2 9 4, 2 9 6 (C#ti]£it5o Ztl^tMDj 
i2 9 2, 2 9 4, XV 2 9 6(4, -0^tt$&P 2 9 
8, 3 0 0M3 0 2 Sr^-f^o ^§12 9 0 (£>j£B 2 9 
0a(O§^y^i2 9 2, 2 9 4, 2 9 6 (:Jt[Slt5g 
*S(C(4, »tt«55^«2 6 0*384 
■f 5fc»fOy/Mb*r3 0 4, 3 0 6, 3 0 8*S, 1S*fctf> 
DflaS3 10, 3 12, 3 1 4t^iRSSixTl^o 
[0070] 015 (B) MTjvtJ; 5tC >T ^tf — h 
^^2 7 2CD^>^W^P 2 7 6 ^-y-^^^^^^^z 

so h 2 5 6<D4>'?Wf&fo2 5 4 (Ctfii-T ^> t , #<*2 8 
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!2 6 2l:Stliitfo ^>-^2 6 2{;i^y^#;te«£ 
ttfc^PgT% ffi®—^ K2 5 2 <D y 
ffl £i$rXl£0— y K 2 5 2 tc-T >^ Lfct£> 
iftf^^Uff-r^o f^ttmciflf^-^ K2 5 2T^ 
^*as?H££jh,5i:* ®#2 6 6(OT25fcfiy^ffi^^fiT 
-f£tf)X\ Jg£#2 6 6&##2 7 O^hminxm^ir 
5o J8I#2 6 6c^M#tCj: 9^>^^2 6 2<^>^^ 
ISfi^y K2 5 2(ci5Etirtr 0 E»^y K2 5 2^tfM 

[0071] tmmuvmfnmtpia-t, taw» 

2 6 Ofc«fc 9«^$ixfc#i4feH:, M2 5 8^^lt 
$tt, >fy?#-H)y^2 7 2©(EB2 74a^ 
fW2 8 O^gffilt^^^- h y 2/^2 7 2fttfM 

^*»cejiSft5 0 Hi5-ett*ryy^2 5oic#tt 

2 6 0 fcKttfciS, #tt»«4*a 2 6 0 «r 
^9^9^^^ h 2 5 6rtldRttTt>«fcl\> 
[0 0 7 2] #t£2£3g£#a 2 6 0 #38£ Ufc JW4»tt 

KfS2 6 0^J**T5^pte^^t:-r^ o Lfc^o 

ox, pm*sb8±*»2 6 ocosse^^^ ^^«*a** 

fg2 6 0^4t5#ttifilt -Y v*fc^£*iX^5 

[0 0 7 3] fpJSiJttf^^ V^Sbm- J; Q^ls? 
h y 5^2 7 2F*9<£>-T ^ZtM is 9 ^> K3fi< 

>r y ^ aa* t> <DR&t&&g:ig x# * < * o 
7^2 7 2^M(st:t^5o -r^* 

y yi?2 7 2tmi£m*)lZ* J r V yV2 5 0 fc§S# 

IfK^ >9#- h V y v*2 7 2 0jS»&ffitI £ tt# 

[0 0 7 4] SH£S»B£*« 2 6 0 Lfc#t£i£<E> 
Sf*ft^#ttSt***a2 6 0— (^SJ3feB#ffitt, *S2 
7 4 iClRSSftTl**^ J: 9l«*r*tt 



75 

ixX ^ 5 >T > * coaa 5 9*- * £ ¥>ll#IEt6^® 
X#5 0 

[007 5] il7lt *&W<D>{ V V yi?2 

7 2<Dfc(nmmftm*^ir 0 m 1 7 ictfltz^ 

V y y i? 2 7 2 J4, jSffi 2 7 4 a iS±T*|S|K»ftKJB 
/*$*LX^5 0 il 7(^>r>^^-by y^2 7 2J*. 
>f IK #tt*«4f»2 6 0 

4fS2 6 0^<D£iJ*f$Pal^> V^jSS^^bAh 1 
»c»jcSL-CJi«W^aEft-r*o Ahlll ¥MWi2% 
0^MStt1t5III2 7 4 a Wl^i^to Ufe 
.K««0#tt8J84¥i2 6 0^<DSJ*B*W«: 

[o o7 6] ai8tt, ^wplvh v y ^2 

7 2SWy^^»7 Mfl^SOH^tecDHiS^Sr 

YD tr*J2 7 2(£»f y^tt#Sa 2 7 6{RiJ(OftiJS2 7 4 b 
^CdbgP2 5 8 , Sr*t-5o a»'2 5 8.' tt, 
?g2 6 0' Sr/g-fro M2 5 8' td^-r^ J: p \CV 
MtU 2 SO 1 i)K Y y y V2 7 2<Dfi!lS2 

7 4 bfcRlt feixTV^So H18W^*-hyy^ 
2 7 2tcJ:tL«, >fv^a*a^>*<<c9, WttR**' 

-r 5 1 , #tt««±#a 2 6 0' 3»s«^ Lfc^fegws: 
»«©)Ht«5i4*a2 6 o' ^<oai*«FPfl&tjR*»>r 

30 Kffi^>aC{bAh2»c»jCLTil«ttfc' 
mt-tZo Ah2(t Wt»2 8 0' coJi*<V:Tffii: 

82 6 0' ^(Dmmmfflxte&WJ vt°- yv^to^t 

^ ^ ^ ^ a: > K4 t?OiSSSrH»»clft titfrZ ZtfcV 

[0 0 7 7] 4*5, ±3*OH16ft|^*5V^Xtt, S5§2 7 
M5:SoTMlfc 0 ft!l(0||lS^«gt LX, *«2 7 4 

$**»a:o>f >^*-by ys>fcswt»»±**2 6 

fc, 2 6 0 St/ 2 6 0 ' ^31 

cox«4<, tkx.ttttL<Dnimmt lxsmom 

St>*SS^ ; &tt ; eix^4ofc#ti^^a2 6 0^ffl 

[0078] Ell 9tt, Hll 6 (C^L/c^ ^^^7— h y 
so y is 2 7 2<Dfa<DM1&M1&t:7Flr 0 4l<"?$—hVyV 
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2 7 2lt mU3 1 6?r7n- h 3 1 8l£&tt#T, << 

[0 0 7 9] 0 2 0*5 J: VEI 2 1 Ht. JE|I3£«<0— HS5 
»ltfo67^f^^-^ 1 0 6 ^f¥*B*5 J: t/^WffiI38S 

S£1£ffir6*ftt-fflV^;ft£o 0 2 0 (A) tt\ 
f ax-^ l 0 6 0fi*¥IiTfe5 0 EI2 0 (B) 
tt, T 9 9 1 0 6 tf)B-BKfr®£:*-to 0 2 0 

(C) tt:, T9 s f'^=^— * 1 0 6<Z)C-C$r®Sr^-f 0 
^(Cg|2 1 (A)*5j:t>*0 2 1 (B)ttv T9^^— 
^ 1 0 6 (Dmm^^-to Sfc/0 2 1 (C)*5«fctf _ 
02 1 (D)M:. ^n^tv-f >^;fr- h y y VftKLj is 
9 tmtc£tlXI<^Z>k%<DT 9^*^-9 1 0 6£-£fr 
Sfflfe-t^^fflHKSr^L, 02 1 (E)*5<fctf0 
21 (F)tt, ^tl^M^9iJ- h V y&MZ-J^Z 

^&>ti^7^f^x-^ 106 z^ttmm&xz**: 

[0 0 8 0] T9^^^—9 10 611, ftff+AKRJS 
ttcoUlP 1 6 1 ^ft?)SKl 7.8 BBP 1 6-1 Srft 

5) icSaii^^^SKjffii 7 6 t. MW)fci 7 6(Dmm 
(affiSKBafiSi-bSJEWI l 6 0 t , JESS l 6 OSrW* 
^fettS*rtf±«««l 6 4 4o J: t>*T^«^ 1 6 6 

t, ±spm® 1 6 4 t*«ttteis*-r4±»«««^ i 

6 8 k. T$P*ffil 6 6 k«««fc»*-*-ST.«iW*B 
^170h ±gfl«® 16 4 J: ±«B«ffiiJH- 16 8 

172h Sr*+ So ffi«JB 16 0, ±S&®^ 164*5 
JitTFSMSIEl 6 6tt-tix^:ix^lfS5i: LTR^95^ 
Sr^-r^c EEftSl 6 0, ±as®®l 6 4 *5 J: tfTSBS 

si6 G<D*fr?fr<DnteUft&fenm**T&!&^*o 

[00 8 1 ] £SM£ 1 7 6 (1, 1 7 8 03E®l£, m 

P 1 6 l£3g5 £o\cJ&J&£tiZ>o ^ttr0 6 2 
II, fiibfcl 7 6 0H3P 16 1 ^rSt^^tSSl 7 
80«ffi(7)BBP.l 6 1 irtcioT^/i&SaxSo S4R l 7 

*S»ftiJfcffiUT*5 0v **tf7V 1 6 2 

giftm 7 6*4K« 1 7 8\cm Lxmmcfrvttv 

[0 0 8 2] TSPfl:® 1 6 6 &MW)& 1 7 6 £>*ffi. IP 
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6 eoiStas-efeSR^ffi^^^irBBn 1 6 i<n*$>b 

§pttHi 6 6<Bn^#<0ffiaa s PBn 1 6 1 oiai 9 

6 6«>«ffi«fc»4, Ems 1 6 OdS. RJf0SB#<£>* 
fobfau 1 6 itf^'frtaMitf— Sc-t-Sct9^j^$tt 

T^5 0 ffi«S 1 6 O.ORff^^^S^tL 5SP16 1 

^S^ct 9 fc/h£ < , ^oTSCS® 16 6 <DVWM9t<n 

lo [0 0 8 3] — &mS 1 6 0<D*ffi«iJ{C«l, 

6 l^^^t^tJU-gc-r^ct 9fc»***b5o ±»« 

ffii 6 4^njK8B^ffiatt, .bbp 1 6 l^^vjEms 

16 0 <DF]M®>ft<Dmm Z 0 fc/hS < x a>oTgp«ffi 1 
6 6-<DR^»#<0ffi«J:9 fc*#<fc5J:5IS!S<*ivt 

[0 0 8 4] Lfci5ot, i±mm 1 6 OcO^gg&fl, ± 
gfltt^l 6 4£>£5HR5£TSlS«ffil 6 6 <0£SSB£ M J: 

tdSr#Sc E«ii6 0, ±.UnM\ 6 4*s<fcirFSB 

l o 6(d*5tt-5JES^€r^J*i"2> 0 ±iE^ct 
. 5 icffiMs^ttSIWR l 7 eteSSLTir^o ±» 

fl;® 16 4 ORJKSfP^, i±m* 16 0 (DR^S^> TSIS 
6 6^>R^$|5^*5«tVMP 1 6 l<DohX\ ffiW 

«s*t*#v^ttH§P l 6 ltfcSo r(0«a§tc:J:o 

P 1 6 1 iaotM^Wo *fc, ±&(Sttffil 6 4(7) 
30 R^lff^, ffimS 1 6 0 ^R«?»^*3«tt5T«B«« 1 6 
6 0R^SP^«WP 1 6 UDia^Jl/^ MW) 
mi 7 9S»bL J ^"r<^Sc £<bKl, EfH6 

Oi:«ftW^S51K-r5T»««l 6 6(OR?B«B^*5J:^ 
±£flfl;^ 16 4 (DWWMft?) 0 TUMfa 16 6 (OR 

SfoT, TatfS^l 6 6CDR?g|B 

[0 0 8 5] 1 6 8 (1, fflftm® 172^ 

40 17 6<ommmcj&i&&inz>o — T^«^ffi^i 7 

0 a. Tarn® 1 6 6 ic«ftwtesa«-r s <t 5 i^mmm 

1 7 6<osffifi«»c^j5fe$ix5o ±&pm®i 6 4ii, mm 

§16 0<^SBfi'Hw3fgfife$ix5fc«), ±ffi«£SSB-l 6 
SfcUBKfft^te^^T, BEtBJ116 0O«$i:T«5 
m@l 6 6<75J¥Si:OSUC^U^S^Sr^r-rSi^5i s fe 

L<, ^9(-^rt6T*fcofci LTt±gpmffil 6 4 ir± 
fflsmffiffl^l 6 8 i©SBRtt«*S»<*o-CU*l\ HO 

BrttLi5^fc5o ^wT*. »li l 7 2 ^1 
so gbSS*rt Ltfflv^iSSffil 6 4 t±^mffiig^l 6 
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16 0 h±UMUi 6 4 <b*itbffl;m 7 2(c^$tufc 

_hgP«®l 6 4 t JigBSffiSS^l 6 8 k V>&W&:feM\Z. 
[0 0 8 6] jWS, JE*SF?- 1 SSb« 1 7 6tf>?"ipWJ£ 

m^t-sffi-rssfb^ist^, tp?-=.^—9 i o 6 

cn-^ 1 0 6Sr-^«Jlc^fiS;-t--5-i:(cJ;oT, 
3.^— ^ 1 0 6 <£>&9gi:^;6S5g^;i&5o Sblt, g& 
1 7 8<D^g£iSfc3-itc4oT^IM£tfeasfr±-r 

BP*>, S«l 7 8©^5r«*€)-i:l-J:oT, T 
Vf-^*--? i 0 6 WgiJjg&W^JIif) U T9*F*-^ 

1 0 6 CD 9 *>S«ia5^CDgB^*SMtl3 L&V\, * 
fc, T 9^-^—9 l 0 6 W^Ifegp^^-co^^Sift U 
&^fc*!>ia4, S«l 7 8W^Sr^it>50{-ML, T 
^^•3.31— * 1 0 6cDJE®^€r^<^o/h$< L, S 
Sj«1 7 6«r^<-T5wi:le:J;oTji^-C*#5. ( , 20 
[0 0 8 7] EEtiieoroWtLTtt, ^3V| 
(PZT) , i^/U=>^m^9>&ti&9^9> 
(P L ZT) £fctt§&£H£ffl Lftt^#Al-'*flEft;lg££ffli^ 

5 ;i <t L < , Sffil78C0ffliLt^3-7 

17 6(;il4, S«l 7 8fc|BICfl-»Srffli^wi:*»#4 
U\ ±§P«H1 6 4, T^«® 1 6 6, 

1 6 833 4lFFgiS«&*ffi^l 7 014, 

m*.a* fli, t/ws-^a, = 

[00 8 8] iaSLfeJ^maWteixST^T-aa:-* 
1 0 6 14, ■ ?K*5rlR^-r SS^tcigffl-T 5 - £ 

[0 0 8 9] El 2 0 33 4 tfEl 2 1 iCTftginZT ? f-*.^ 
1 0 614, tt#«»©0r£<0»Erfc, f ?V 1 

6 2 ft«fl:«ilrtteiDl*$n*»l*i:*tt-*-4 4 5 (cS 

(CJ4, Jr^t'^w 1 6 2rt334U !; e<D^HliJl4ffi«:lc4o 
^f-r-f 1 6 2rtKf4f&#l4#£L&<^/K *>£>VM4 

* + tfr 4 i 6 2rtfc©*«MW*a#$ft*<D*MMfcrt: 

1 0 6(4, «flc««t«**s+»teiR***tTV^5ttlB 
-e<fc5A», fc£VM4fcS— ^±«®##iS££ftfc# so 



^0 

=■—9 1 0 614, JKftgSrtro^ttWffigfc&ffi-t-fcw 

[0090] ^^-CT^^a^-^tciSffiBiJIfflwJl 
[0091] «t#©#«>r>tr-^>'^o|gfl:«r*m-*- 

5JC»4, ftCflccW Vt'-y^^i|#tt*fc(4T v?^/ 
*WB£kmfLlr%>. ^^t 0 -y>-x!Rrtt4fc»47' K5 5/ 
*^*#tt£»)£-t-5^ia4, #J;if4Mni£le]SS£*iJffl 
nrtASftS. {g£HI2gl4, £«EE&EP7JP 

(4, ■6n£lH]S§l4, 1Wc-SS1*«L, fH&2&£* 
O^ftSr^-T. *fc, «j5Effl*fc(4mfffi/!> s 1i^:*/t«i 
[00 9 2] ±IS<0*feil4SiJtc, T^^-^.^-^14, 
^y^©»k^lfflt5*ffitLT, T9^^-9<D 

MW)Ut>mw} Ltim^mmwc^-r zmmmmc 4 o 

T£-i* 5ifiiB*# «r»£-t-5 ittio T*SJl«*?r 
^l±5-r5*ffi^ffl^5^-(c(4, fi»Jx(4jEm*T-^fi|ffl 

—9 rot8itef|5M33tt ?>ae«KjcDJSjS^c{c 4 o Tig jgfl; 

[0 0 9 3] #®Jli£iH s5rf5fc»lc, ^ttSPi:^ 
«c t a***RttT?fc 6 1 # WiS§e«^a'J5c It 4 o T# b 

14, -*rRjfc*ttro^-ci4*<, 

[0 0 9 4] Jl&^C f m(4, Mfc<DT K5 j/^^^^ffi 

S 0 *SJlK«cf sttSh jqttftfmtt, ttttftlg 
*«ife*fctt:««Wa**4f»!:J:o-C, f s 
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jB-rs 0 7^fax-^io6(7)Hi*^eiiEi 

[0 0 9 5] MCfleO-f ^tr-^V^*M**fcl±T K5 jx 

t h zm^zk&MWi\z£'2xmiW£ turtle >o 

[0 0 9 6] T * <?^—9 106 CDiglSffii£l4, SSl 
*R1 7 6^)5^>^n 1 6 1 lc:J:oX&££;ftS^ tfx 
^16 2*«j*^S»#XfcS 0 iftft^llrt^JKft* 5 * 

[0097] #f§9§tf)T^^-* i oeu^tt' 

y-f 1 6.2 3asK^fc*t, ^rtttcJ:oT. T^^—^ 

10 6 o«li««fc«flc»Brt©«{*:*saiS <t 9 icisw- 
X#S 0 *<08*J4Jfco&0 XfcSo 

[0 0 9 8] t 9 ^^^—^(omw^^^^m 9 tttfft 

S^i^X^So rcOct9tc N ttfr^SrttST^ 40 

So 

■[0 0 9 9] H2 1 (E)tC^-f-«t5^, * 

f s = 1 / (2*tc*(M*C act) 1/2) 

x^£ixSo ::t% Mf4a®bgB<zM*?— *>;*Mact 

[0 10 3] [22 0 (C) 14, *3IJ£WC:fc5^X, 
10 6©iBBtfe5o 02 1 (A)*5J:tfl221 (B) so 



30 



22 

-r^*^-* 1 0 6<&** try* 
&m<Dtokh+*o -ttet>*>, ***y-f 1 6 2<Dmm 

.**0*HWrrSo Will, T9<J-=>.=.-9 1 0 6 3rf£ 
ItiOitefcSJji^W^WO^JB^So 

*LXfcSBfiSrl8x.*i^X% ^r^&L^JHft-f-sr 
ir^X^So 

[0 10 0] r. wX, 0 2 0*5«ttJ«Bl2 1 Sr#RHL<C*5 
fcieeW^oafl^fCetSfflE^irT^^^a:-^ 106(7) 

tu-rstt^i^jsa^o^x^-rso t 9 

^10 6fc*5^T, ±g&S*&*£^l 6 SfcitfTSMMS 
■.S^l 7 o^tt, t^filMnMi 6 4tSitfT 
■ffiffiffil 6 6tc«ES:Pp*Pi- So Elil6 0<7)n> 
1 6 4*5i:^T^«^l 6 6lC}**ixfcgP^{C 

So *o«JM£J:oT* ffiUll 6 ott£ 
AH- So ESI l 6 0 *SEft 6 1 i ld«t o tfiftfi 1 

76^9 ^^sibffl«^fct>^asb-rSo ffse 1 6 0 
1 0 6<7)fiKi«stcgig-rso 

[0101] ££@aEbf4, T tf-^oL—* 106 <DMW) 
UbMWk<D&&mW)X$>Z>o ^ox, fftH6 0C 
WJn-T smBESr^i^^ S 1 M4J6»jft i«:t 
X\ mffi^^PLfc^tc|glibg|5^^*i:0*ig««$:S 
|l:»5: i^X#So T9*^—9\ 
0 6^>filbS6S:fii(i$-a:Sfc», ESI l 6 OSrfc^ 
"TSo 8ot, J£«^l 6 0(±i»e«*S:**-rs.' «■ 
^iSifi«*f4, ±^@®l 6 4, TlHSmUl 6 6, ±« 
16 8 *5 ct VT««ffi*S^ 170^ LtfeW 

#XtSo 

[0102] ^fiJSSEft f s 14, 

(SCI) 

^ 1 0 6^SK]^<tI>^^ tfr-f 1 6 2 0?I 

mKxfoSo 

[0104] Mactit, mmfiwmz kuw)%f><o&mt 

(4. 0 2 1 (A) (c^-f-J: 9 ^ 
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Mact = Mpzt + Melectrodel + Melectrode2 + Mvib 



24 
(*2) 



1 6 o^ji^tjE®^ 1 6 (XD&mkvmzfe^m 1 6 



16 4, 



10 



* 1 0 6iC*Dl>T, Mactft, ±1351 
TSflS® 16 6, SEttS 160 *5 i VSKltS 1 7 6 5 

fc\ ny/y^T^Cactll _LgPtt;@16 4, T§fl 
16 6, ffim® 1 6 6*5 it5fi»« 176(7)^^) 

[0105] ft, 02 1 (A), 0 2 1 (B), 021 
(D), [112 1 (F)tt, 7^fax-^i0 6^)gi(jaJ 
*5<fcr/*^ t'r^ 1 6 2^fiBEIKS:*-t"* s , 
^tfIUSSfr-*5^T, CactttT*^:*^— * 1 0 6<DM 
W}$$<D=i>'7 f>z 7'<<T^* : &7jk'to Cpzt, Celectrode 
U Celectrode2*5i^Cvibil^:tV' : eix^»Ja^^tt5 

j±ms i6o, ±§pm® 164, Tarn® 1 6 6 # <tt>* 

Slfj^K 1 7 ^(O^iyfy^T^^^^To Cacttt:, J£T 
[0106] 

1/Cact = (1/Cpzt) + (1/Celectrodel) + (1/ Celectrode2) + (1/Cvi 
b) (St 3) 



0<Offi^T*[^Lfct,^T*fc^o Melectrodelii, gEbgB 
fc*5tt5±«BSffil 6 4 0jfS t±ffiaffi.l 6 4 0«E£ 

electrode2tt, fi»«5tc:*5«t 5T«fP«ffi 1 6 §<DW£h 
TUMMl 6 6 0^St^fflSrT§l5m® 1 6 6 Olit 
BfeUfcfcO-CfcSc Mvibtt, fi»SR»c*DNtSfi»«.l 
7 6<pff$i:a»*l-7 6 0*«t^aS:fiB«l 7 6 

5rt*t#6J; Eiii.6 0, 

±8B«lEl 6 4, T&ffl&V 6 6*5j:tffiiMRl 7 6 <D 

l^o *njfi«fc*5^-c, ffimsi e o, ±um 

1 6 ■ 4 *5 £ WT*fP«ffi 1 6 6 fcl*5V*Ttt\ ZtibcD^ 



5C2*3«fctf3;3 £9, 02 1 (A)(i, 02 1 (B)OJ: 
[0 10 7] ^^-YT^Cacttt, fi»SB<E>l|i©: 

sfrasr^-ro ^^^r^* cacti*, aejg 

[0 1 081 02 1 (Cm, «{**»fc*##+£fc 

M ' max = ( tt * p / (2*k 3 ) ) * (2* (2*k*a) V (3* tc ) ) / ( n *a 2 ) 2 
(a p ktt&tt-Cfc 30 

5o ) 

[0 110] ft, 5£4tt, T $ $ 

^tSr*-f*-efe5o a4^6b4*5.i5K, M' max 
[0111] SEftktt, 

k = 2 * 7i * f act/ c (S)5) 40 

[0 112] T^^tt^o 

[01131021 (D)te, 
iRS^ix, 7 9 7 1 0 6<afi»fg«<0jg|iafc.i£ 

fo5Wc$;ixT^502 1 (C)<D»*0)T*^:*— 
* 1 0 6<Z)t61(]£M3j:tf*ir t7^{16 2<9^tifi[s]!&S: 

[01141021 mm, m&®m<Dmm*m% t$ 



m*^To 02 1 (C)OM' maxfi, m#®$&zmftifi 

79*f-^—9 i o 6 £>glbffiig<£>J^ 

^:fiSr*"t"o M' max (2, 
[0 10 9] 

(5t4) 

^«l*:«#Li:t^S^T^f^x-^ 1 0 60 

*^tfrw i 6 2rtfctt# 
«gioo7^fax-^ i o 6 <nWLW&^<nmmz. 

fe 5 d$ * H: Jt ffi ^ o fc « , 
[0 1 1 5] M' =p* t/S (S:6) 

7^fa3i- >5? i o 6C0^K)«|i^O®fflT-fcS o n 

aH-#KiR2g$*u r^^^^-^ i o 6(ofi»fii*gco 

«#dS»»$ix, ^^tf^^ 1 6 2A(^ttM s 3S 
gloo7^f^x-^ l 0 6<^fi»9l%^S2a^fcS 

[0 116] ::t% 02 1 (E)<D£ iKfleSSI 
0«*^tH*$*t, T^^-^^i-^ 1 0 6<DMW)mt$L<V 
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[0 1 1 7] [112 1 <F)H\ 

iv T 9 9 l 0 6(30Sid®flK^ia(-?K^ s M 

U>t,cOtf\ 7^f ax-^r i 0 6 0*+^-f" 1 6 2rt 
ICJ4K#jJ*«#LT^6H2 1 (E)OS^(D7^fa 
x;-^ 1 0 6<Z)fi»*5*5«t^-r XT 4 1 6 2£>^ttHl 

[0 1 1 8] r^T% m»(D^m\cmmir^y<v^-9 

^ 1 0 6©Slb»lc«#4fcH:KSdSSf*-fSo 

1 0 6<7>JSifl(0«ft3&S?B#"SiX. BI2 1 (C) 
(OM' .max*>5>EI2 1 (E)OM' cav^^fr"f 

mMI—f^XM' varj&S^ffcU #gJS8c8c 

t5:i^5o El 2 i (E)fc*-r«fc 5(c t 

= diLfcS^, ^e^^TM' cav^m-ft* xG6 
o t {c^r -v trx ^ d SrftA U 
[0 119] M' cav= / o*d/S (5t7) 

[0 12 01 *fc, «E*dS5VMcaS<^ft<CS^*'X?fe'. 
Ig^at^^o fl> T 9 *f~ =^3l — 9 1 0 6 <£>8I!8Jp& 
[0 12 1] 02 2 (A) It 4^9 9 Is* 9 

*t^77tfo^ 0 r:ti«^i^jtit^y^ic 

[0 12 2] T 

*;^^—9 l 0 6^)SSb^iS^a(c^>^^SSfc$ 

*LTV*5*frlU4. *<7>A*fl-J0>f *^*M' max 

ft, ef^f 1 6 2^lCffi»W too/^f^x 
— 9 l 0 6 0SI(iffl«^JS5a^>^^8|fcSixTV^/^ 



(14) 

06W*ttff^l62Od(ia2.0 (B) #HB)S:/h£ 
<, EP*^ SSl7 8S:+^*<t61i:lcJ:ot s 

£5 (122 1 (C)#K0 o ^rT\ t inkttfilfctca*** 

fc^-f >^ COJ?^ t L N t ink-maxi^M' maxM*3#5 
tinkir-fSo (flxtf, 4^9* — h V y&<D&BK.T 
9^^^-9 l 0 6%4>9<Dl&mz.*il,Xm$fc¥ i \C 

x.— 9 1 0 6£>b t ink-maxCDiii£WT^i§-f£ fc , 
SMi^M' var^*lC^ffcU * 1 tC <fc 9 #fiS8r 

[0 12 3] ^fc, T9 c f-=-^—9 1 0 6 <£>g»J«JSS: 

;U;f, >fy^#-by y^oflttfcr^T-aL^—* i o 
.*}H*Six, ^y^^iiS7^f a.x-^ 1 o 6©tl 

tcii^p-rso seox, <i*y9<oaem&, ^-rtf^^ 1 6 

2c7)^2a (122 1 (C)#M) cOtSffl^tCfe^Pg^^ 

T^^-^-ni-^ i o 6tej>9<Dm%&m : k&*^%im 

30 [01241H122 (A).^ftj»Xtt, T^^^-x:-^ 1 
0 6^^^^^ 1 6 2S:+^»< Lfc4^^> 
J-^-9 1 0 6iOfiii««S:+»l:*#<JfcH:*'< 

>9&£xfmw>&<D&mmi8L%ci st«^u 

^f>9 9i>9^<0^ ls9<D%L&WL'P-tZ>bi: h 

[0 12 5] i^paBtci^, >0^«s»^tetH*SttT 

40 -^10 6COfitt^UcOSjafc*3t^T, 51l^te*S*S» 

W&XhZ>o 4l'9fr'&*\zm i g£tlX\i^< tCt¥oT, 
T9^^-9 1 0 6(Ojg|h^ia5Sa3^*5t^-Cffi»tC^ 

wiii, r^^-^^—9 i o 6^^>^<Dmm\cn\^x 

TK^Pi-MUfc^X'fcoX, t ink^ t ink-raaxi *9 
/h$V^#tett, T^^-x:-^ 1 0 6<^SSbtC^t> 

^^^-^-^ 1 0 6^JB«b««^ffiHSi:-r5i:, ^4 
so com* raaxEAT^^ofc^flgSr'f >9 b%W<DHMW& 
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* * [ 0 1 2 6 ] 

M' =M' air+M* ink= p air* t air/S+ p ink* t ink/S 



(5£8) 



10 



[0 12 7] 7^^^-* 1 0 6 >-^^^ffi^*f 

inkt U T 9 *F =*-^-—$ 1 0 6 0^iitC^^5^ 
^^(7)^(Dffl«(7)ia^ Sairir-f & £ , 
[0 12 8] 



i&5o M* air(2£^cO^-* 

9, M' inkf*-f >^<D^-r— ?>XX*hZ>o pairtt£ 
%<D&&Xh V > p inkii-f y^(OMtfc?)o t airtt 

'p\^x%mmiNirz>\c'&\,^^ T>?^^3--$ 106^ 

(1 tair^^pL, tink^/>-f^) 0 ^fttCjZoT, 

7 \c&\,^xmfc<D&j£<D&<D^tfj:^x^z><Dte, %• 

1/M' = 1/M' air+l/M' ink=Sair/ ( p air* t air) + S ink/ ( p ink* t in 
k) (l£9) 

[0 12 9] fi, S9(t T 9 =>-3L—$ 1 0 600^^ 

[0 13 0] S«l 7 8tfW< , IP*>, ^r-T trf 1 

^16 2 <£>$S£ d iSj«< , d jflSJtEfr^ff * t in'k-maxfc 

mtf* B12 2-(A)^ft*»Ytt, /hS^PHE^ 
a*Br£*«# L-C^S*^Sd*Sr*tili-S - £ * S X# 5 e 

[ 0 1 3 1 ] m 2 2 (B) H [2 2 2 (A) COft^YtC 40 

f st(DiM*t 6 ^(O0Tjir LT-Y >t*m*fX^ 
ho El 2 2 (B) >f ^3B£*Siii< fc5 

[ 0 1 3 2 ] o* 5 , Sv^fcttS(0S<c5-Y >^ 



[0133] ^v>x, mit&^ft<Dmm$£<Dftmxh 

ottT^iX-^ 1 0 6C0^rt^r^ 1 6 2rttCJK 
2>o T^^oL^i— ^ 10 611 Sr^t^r-f 1 6 2rttC?S 

mmtz^tix^^^\mi^<D^m^ttix^ti^ 
1 6 2ft\z.mfotmfr£fox\<^£\i^w&x&> 

[0 13 4] AfiJQttftf s«4, «<1—*>*M<DmWc 
[0 13 5] fifoX, M > cav^^;4(c^^t5M , max J: 

er^w 16 2rttcgi#-t-2>aE*-cfe5 0 ctot, 

[0 13 6] — M' cav^4(c^ottSM' max,]: 

9 fc/h$^»£fcH\ *3&^±»iRi-s«E*tt*-v try 
-f 1 6 2rtica#t-6»*«j:aw#^rt©ft**fc 

[0 13 7] ip^> x «#s«rtojR#*sffi<7>«tB-e, T 

^^-^ 1 0 6<7)^r^ t f 7^ 1 6 2rtlcjfcfleflSBl# 
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■fcttlij-e#5*fl=tt, M' cav^M' naxiH'J^^: 

SfcfcfttH^S^M+M' raax>M' cavil, ^Yk + r^ 1 

[0 13 8] r rT\ M' cavil, YfT 4 1 6 2<D 

M' raax>M' cav<£>^i|Sd^ 7^f^x-^l06 

6 2<D®&<D0kftt UXi£-fZ.bi>*-e$Z>o «x.tf, PJ 
JR:RG>**fcfy-< 1 6 2 COM P 1 6 lCO^Srat U 
joi^^tfT 1 ^ 1 6 2 £d k-t&bs 
[0 13 9] 

M' raax> p * d / 7i a 2 (SlO) 

-e*>s. sti o^nM-rs*: 

[0140] a/d>3*7t/8 (Si 1) 

b\i*1 btlZo SlO, Slid, 

tr^-r i 6 2^^«^R^^4i^t-PS , 9^:*-r^o RJK 

T^v!^<£>M' max<Z>3;«rJ8v\ S 1 0 *<D tz a 2 *^ 

[0 14 1] Sfot, Si 1 SrWfc-THlP 1 6 1<D¥& 
a }s£Xf*Jr \?"r-< 1 6 2<Dm$ d "CfeS^f Y tr^W 1 
6 2 5:tt57^f 1 0 6Tfotill 

rtOfS^S^JKISX*fco-C, ^o^^tfxw 162^ 

[o 1 4 2] ? ^ tt^s-r 

[0 14 3] Sfc, *3W*«teJ:ixfi, T9?-^-9 

ax-? i o 6»c«*-r6a?ja«**a!i«uT^^o l 

g b <£>gftlc J: o TifcttKifiSj £ 4- x- £ r i ttiSt-f L t 

£«tli4^c Wh, fifths 6»1RL4< xt. 

T% Elil6 0^/cW»t^o C^gfiftiSff 
1 6 0JCiejB**«ffi*r*££ii\ ±«MMil 6 4 

[0 14 4] 023(A) *5±tfia2 3 (B) IS, T9 

i o 6 Tt^^-t 1 



(16) 

30 

hV y^OT^faX-^ l 0 6CD££5f& 

l o 6^gufc^co^@SBb(7)^iK^lt;^, tg*s<o 
*jbfcJ:o-c*a-r*- b&X£Z> 0 1212 3(A) fcJ: 

t>*02 3 (B) |£*5v^T, ^ttflT^^— * 1 0 6 

•ftttB*Pfl T9*=-^—9 l 0 6<D^@Si)]{cJ: 

ot, 0 2 3(A) *5.fctf|g23 OB) Kl*-** «t Steffi 

[0 1 4 5] i2 3 (A)*5j:tfEI2 3 (B) 

[0 14 6] i9!¥*B^tt, 7^fax-^l0 6« 

20 gfScO^ n 7^^>^f^iot4^[)y h/^ib 8# pis 
[0 14 7] 1112 3 (A) ftT^a.^— * 1 0 6 <£>^ 

u-^/w ±n ±&ic 4 y ^ *> £ ^ # ^) jftje 

Xfc6o — 02 3 (B) li7^ a x-^1.0 6O 

5o 12 3 (A) £02 3 (B) b SrittSE-T^ i > 02 
3 (A) 0*iSH2'3 (B) «t9t4*!>>'h^b8* 

S LT^6fH(ltf4 C«)5.fcft"e*)5o 4^!»fl^ 

4*!»n*^8*!?yn4 "c^NrBasraa^So 

t\ 02 3{C^o^Xtl, 4^!?ybS^?)8*!?yhl 
[0 14 8] Mill W ^^^p°pR^SS:UTl>Tt 0 — 

so ^%zb\c£V&Mm&&Z#$>Xh£\,\ ifc, >fy 
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1 2 * !>y M t "C© WSr^Hl LT t il \ . 
[0 14 9] *&0>3S16«fc LTBrfcHIWrtteiS** 

£5„ <fc 9 SMfflliH:* 7^fai-? 1 0 6^SLfc 
«, BfSJWW«rt9*^^MS#«:H i ghtU BfSO 

[0 15 0] £t>ic, 1212 3 (A)&£XP®2 3 (B)£Jt 

tf x 1212 3 (A)<Dm&n.t>&j&(omMtm2 3 (b) <d 

[0151] 024tt, T 9 1 0 6<D§&mJj 

feSr*t*c «»<7>T^=.^— * 10 6 (@2 4©fl-C 

rc— * 1 0 6«c*3V^T^3»r*t-5 wirtci 9, @2 5(:^ 

I^Ztl1tWknT{r t ? l ~=-—f 1 0 6<DZtl*ftl<DJ± 

l o 6te*sv^-C«Wrt"Swi:KJ:9, 020 
Wk<»? 91- l o 6£— ftt^/fc-rs^ifcJ; 

[0 15 2] T9^^—9 1 0 6*1, 3»«Xttfi»ffi 

17 6, s«i78, wttttft^axttffim*^ 1 7 

^»WXttT»««*S-T- 1 7 OSr^-T^o EEm*^ 1 7 

ffiss»i«xttffi©s i6o, ±m®3m-ts&m 

4£ 1 6 4 , S^Tm^XllT^m^ 1 6 6 Sr^tfo SS 
17 8 (D±E(Cg»j« 1 7 6^ JB**ix, ffi»*R 1 7 
6<£_tffilcT£&m^l 6 6*»J***tTV^6o T^tt® 

16 6 <o±m\zt±. jEmg 160 ds^jas^ix, ffms 1 

eo^isic, ±{j«ii6 4* l ^$ttxv>5 0 t 

fc^oT, JEfSJi 1 6 0 <D£g«SB\ -LgUfi^ 1 6 4 CD 



32 

[0 15 3] SUbtgl 7 6±fc«* (H2 4<0fiBJ-ei44 

is) (oj±mm^i 7 4imj&$tix^z>o 's»*i 7 6 

OSICTMi 1 6 ejWBtfSJt, TSPS^l 66(0 

^ffilcjESJi 1 6 O.asjBfifcSix, JESS 1 e ocp±Bic 

tin 6o«B»^±'a*s*»^i 6 sRUT^mm^ 

*1 7 OiWf&ZtlZo *7l=>-^—$ 1 0 6 

10 [0 1 5 4] 0 2 5tt/ffi«5ff^-*S)e?KOT^f-a^- 
^10 6 <0— {B#tf>Wrffi«r*-*- 0 
[0155] 02 6 11 025 Lfc7 

1 0 6^)4MIS:*to I$i 7 8coffifE#^-i 7 

4 fcStlRl-rSBfctt, Sil?Ll 7 8 aa*»J*SK-C^ 
5o JCS?Ll 7 8 attStijffil 7. 6{C«toT»ih$tfC 

SftT^So RiiTLl 7 8 a t^ft-f^ £ 5 fft* 
1 7 4 ^jg®J« 1 7 6±tC^/&£tbT^6 0 T§&m^ 
20 16 6 ttWiiJL 17 8a *IrI; HI 2 6 XII 

&Jj\Z.mTfZ> «fc 9 ^Stb« 1 7 6^H(C^J&£;ftT^ 
5 0 ±«B«tt 1 6 4 HHildFL 17 8a C0«^5>TSBS 

8116 0<0S®(C^$HT^So ±85*^38^1 6 

8 son^sffisss^ 1 7 oti, -ttt^nMam® 1 7 2 

S^TSPtl l 6 6<D±S^fiK$ix"CV^o T^mffi 

17 0 (iT^m^ 166i Sf&tfJtegett U ±35m 
l&ffi^ 16 8 tttfg SbSffi 1 7 2 U X _bgBm® 1 6 4 
tl^^ttUt, ES^^T^fax-^ l o 6 

30 <Dftnt<Dm<Dm^<D&wmis*'tz>o ±^a^i 

[0 15 6] H2 7I4, 0 2 4 [^L/cT^fax-^ 

1 0 6O$?3t^fe£^-r 0 ^J-»-b940 
tC7 p u^fc5V>(l If— JDX«Srfflv^-CJTii?L9 4 0 

a£r^?L-r6o 9 4 0littMi:S«l 

7 8 kttZo y])—lsi/—h9 4 O^ir^^ y?^<DP[ 

— ^S/— h 9 4 1 S:ffl®-r5o VlJ — h94 

40 id -0£jft«lc£MriKi 7 6ii6o /y-yi/-h9 

— h 9 4 1 (D^m^M^M 9 4 2, J£®1 1 

6 o , mmm 944 ^Bmmm<o^mxm^w^r 
z>o isi9 4 2«, ^(cTSpmsi 66t^^ «m 

fotcyV—lsis— h 9 4 0, ^y->->— h 9 4 1 , m 
S19 4 2, 0Effl;S 16 0, RXtmWB 9 4 4 SrKfife U 
Tfl|j*fa o f-§PW9 4 7, 9 4 8(1, ±S5flMi 

8^-168 tT^iS^l 7 O^iij^^JSitf LtE 
so m* J f-J:'9^<-r^ 0 ^^-1fSPW9 4 7, 9 4 8(1 
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#9 4 7, 9 4 8(Ci9^&JiT-fe5±gflm®ffiT-l 6 
SXtrFSB®!^ 1 7 0(DM^ 5 '>^< TgFtflhtC, 
±^®ffi^l 6 8 Tit/TgPSSiS^- 1 7 0<DJ»^£}$ 

7 0 "«r«!ftA <PPWJ-e*» SbKjfJ^Lfcift^t-rsr. 

[ 0 1 5 7 J iffttJe 9 4 2 ©Jgj*«F IC^SI 9 4 4 t <50 

B#(c^fi£-rs i , ig&ffi&ffi^f- 16 8 St^TlfBmii*^ 

i 7 o*»*(cjgj*ufc'o. ^sics^-rsr fc#T?# 

So fH&l-> 9 4 22itfjg®i 9 4 4 (DSg^flfi 

tc, ±t»WSSSt¥l 6 8 S^TgCm^iffi^F 1 7 0« 

t5 0 ±.ummmi- 1 6 8 xitf twts**?- 1 1 o . 

±gpSMT- i 6 s&tfTSMKi**^ l 7 o 

a*, wmm i 6 otciiftHicttR$*ts j: 5 i£^/&-r 

So 

[0 15 8] 02 8*4, #3gWa s i8ffl£ix5>f 

h y yv^COS b^te^HJ6Jg»**-fo 0 2 8 (A) 

14, "*Hll0»IWcJ:»^^*- h y y 5*ojiE«<0*rffi 

£i&^-f SSSs 1 <£>J&E 1 a KUtiKL l c £r*-f S Q JT 
iiJLl ccojSgP^T^^^-^-^ 6 5 OlcioXitf. 

[0 1 5 91 02 8 (B) tt, 12 8 (A) id* LfcT 

9 ^^—9 6 5 OSt^SiiTLl c co^^KrSS:^ 
-To 132 8 (C) f4, 02 8 (B) {C^LfcT^^ 
— * 6 5 OAtfRilJLl c^spfi&^-To T 2 J' =l3l— 
9 65 0l*MW)&7 2&£Z$MW)fc7 2 KH^SitfcJE 

nmi- 73t s 0 7 2 7 1 £^ l 

Tffi«m j f-7 3#jriI?Ll cfc#|6rrsJ:5te, T 9*f~ 

7 211 #ttaEJB^TtB-e»>r^^ttS:«X:S 0 
[0 16 0] s»io>f^li:*#Lt, j±®«^7 
3*tWH*K-7 2om^l!ifcJ:oT38£^5ififi«* 
coS«ftt/»jft*^»b-t*5o T 9 =3-^ — 9 6 5 01: 

— ^i^^^^^gii^Ll cMffiHSSHSo Lfc^o 
T, KfflTLl cfc««Sfti>f^iKJ:9ftt57? 
^31-^ 6 5 0 Ogfb^#t££^#$!j;£ LT*5< r t 

TtSo 

[0161] 029 tesiift 1 c (om^mmmm^Tjk 

1% 02 9 (A) % (B) , Rtf (C) ^-tix^ixlC*5 
^T, fe«OH«±, Kffi?Ll ciC^^^K^tet^®^ 
*L, *Tfty^0«, RiI?Ll c»C>O^KdS«ofctt*l 
Sr^-Tc H2 8 03S*»!Bfc*5i^T»l RilTLl c <0ffl 
EtefiEftSi: LT«J*3ixT^S 0 02 9 (A) tcfe 
v>Tt4, JliiM cl4, fifloSl das±T*fi»c»ai)-efc 



(18) 

9^{Bafcte*LTBB^T^5 0 02 9 (B) icfcl^T 
14, a^SUl eRXfl f JfiiJLi c<Dfflffifci*J*$ 
ixtt^o ±*tc$>SK3lgpi f T#fc:fc5SMlHS 
1 e <fc<9J£<&oT^S 0 02 9 (C) tC*3V^Ttt, S 

mien ^ >^ K^^L^-r^ft, -r&^-r 
y9&i&u 2<D#ft^£t>'6mi g£^-rs 0 

[0 16 2] 02 9 (A)- (C) (C^LfcRildFLl c <D 

..So S£oT, 0 2 0*5«tt/BI2 1 -CiftW LfcM* cav 
io Stm' m a x i: JfcK Lt/hS < 1 5 I i SOt, 

^l^JSiJ-qfg^fiO^^^K^ff LT</>S 

[0 16 3] 0 3 ottT^fai- $<nfa<n%WPM%: 

7jk~t£mmX*hZ>o TZ^^—Z 6 6 0f4, 
ji-^ 6 6 0Sr«^-r6S«*fc«4^#^ , W"- b 7 8(D 
Hii?Ll c XV t)^«^V^>7 6Sr^-TSo T ^ c 5~ 
x-jL—? 6 6 0(D^MI^(1^7v'^?L7 7*Sjgj5g$tLTV^ 
20 So 7^fax-^6 6 0li, *^?L7 7S:^U* 

[0164] 031 (A) N (B) tt, T^^-^l^-^ 

•tSl^Ttt, 7^fax-^ 6 7 0lt DfllfPJKfiKStE 8 0 
JsitfJE**^ 2&«*2>o HfflJKj«S« 8 0 O-* • 

tu, ■te*Offifcf±JE«* : f-8 2^^K)f+ttfcttSo Dfl«6 

f^ffli-So SfoX. T^^^^--^ 6 7 0(ag»ffii£M: 
30 20^8 1 <Dmmc£iX%LJ££tiZ> 0 *fc, T^^^-^. 
— ^ 6 7 0(4, 02 0<D&1&M\£-&Z>T# s f'=-^— 9 1 
060^, StEl 7 8*5i^ijb«l 7 l, 

^ hSriSM^iirSo 7^fax-^ 6 7 0lt Sgl 

^ixiciioT, Haass i^s^-y- fc*x>r t u-ctf^ffl-rs 

r<h^x#So @2 0(DlffiMia57^f-^x- 
^106 Sr, 031 (7)Hte^J(CJ:ST^^^^— ^ 6 7 
40 0 t |Rl«l»CRii?L 1 c J: 5 IC^fig LT 

[0 16 5] 0 3 2(4, T^^^^-9 1 0 65:^9 f+ 
/Ufls lOOir LT— *^LfcflffiKS:*-r^ 
tS0Tfeio ^^-/H^lOOIW^^-Mjy^ 

(4, y at < i 1 1 ^ y t°- y y ^ of ft 

W^i 9{-«J&£ixTi>S 0 *HMl^^ya-/u 
(*10 0ll S«l icr^^^^i-^ i o 6 S:Bi9f*^ 
so 5fcft<0«#S*#f+tti 0 l ^^-TSo »#«B*f+ 
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asiOltt, ¥ffi#»B:JSK0>S-& 10 2 ±fcffitt(g 
KiJ; 9 36g"fST^^— 9 10 6 Sr<XSUfcna*5 
1 1 6 &«*fc«]gt£fcoTl*5o ^^-/l/frlOO 

/Mfcl 0 0<DT9 s ?^—9 1 0 6'3SS#KSR**fe*ftfct?# 
[0 16 6] 03 3li, 0 3 2 IC^lrttis^—^Wl 

0 0©«j««:*-r5WIIB|-e*>5 o ^-^#10 0 
14, »IBia*fe45JKff«»Wf*» l 0 l £ , M 

1 0*5it5Dfl»l 1 3**rSffi«fS««#»l 0 5 £ 
£r-atr 0 £b(£, ^a-;i/ftiOOH:, U — K!7>fir 
104aWl04b, fcitf 

8£^-fSo »*L<f4, ^U-b 1 1 0 
(4, ^xVU^Xi4^^^U^^^C0»t) ? (-< I^WR- 

ixSc ffiffcSSEfllfli o ltct^^nS 

6*5.«tT/S-&l 0 2(4, K!7-f+l 04aS 

VI 0 4 b S:JR*-e# Si 5*^^811 Ptti l 4*«» 

h i i 0*JR*tf#SJ:5K|H<Bl 1 3i>Wj&£ 
tiZo 7 ^ f ax-^ i o 6 (i / M l 0 1: 7 ^ ;u 
AlO 8«r^LTg^£*U 7 P V- Ml 0*5«fcV7* 
*-a.3L-* 10 6 1 0 1 (£|!££;ft 

So SfoT, y-Ky^tl 0 4 aMl 04 b, T9 
f^x-^10 6, 7>f;U^10 8fc , <tU { 7 p l/-H 1 

0(4, KflcSgHMttVi 0 l t—flct LT»9f*itb*t 

So y-K!7^tl04aMl 0 4bll ^tl7 

9*7-^—9 l 0 6©±»*Sat5T«««i:*S-frUT 
£EWBIcB»«#*:©au '7^ax-no 

6 e 7^f^x-^10 6li, U — 1 0 4 aS 

vi o 4 b frbfcmztitcmmit^&^^x-mm^ 

5§ig-TS c T 9*5-^^—9 1 0 6 l49B£tttcgKB£g(i 
U -t^filhfc«to-Ci»e«*Sr^$*So -<Bfc 

m-rsr t^-et So 7>f/i/Aio8it T9^^— 

^106t7 p i/-M 1 Oi^ff U7^fax-^ 
SrffiSBfc-fSo 7^/^^108(4, y I/? >^(£ 
4 otW U S r ir ##4 L^o 

[0 16 7] y^-h 1 1 Of4R^#C-efc«9, 0 
2©BBP»i 1 4f4PJttttfcJgj«$ix.-C^S 0 T9^~ 
=.— 9 1 0 6S(/7^^ 1 0 8l4Jg?Kttfc^J**ttT 
^S 0 y-K7^ftl04, 7^f^x-^i06, 7 
^ /UA 10 8, R V7" 1/-M 1 0 (4, g£ 102 \zM 
LxmiSffimtlrXb S-&102, y-Kl7>Tir 

10 4, T9^^—9 10 6, 7^/UAl 0 8, &V 



(19) 

7 p u-M 10(4, ^i/a-zuftlOOCO^'M^l 
T##teK«*JxT^S 0 3Efc* S-&10 2, T9<f~=- 
^ 10 6, 7 jfrJx 108, S^l/- h 1 1 0<O 
<£<L>(4, 0 0<£(S(£*^tt±(£BBS£*X 

T^So 

[0 16 8] 1 0 2(DBHPffil 1 4COSffi(4, 7^ 
^-9 l 0 6 ogfti«^ffi«i: < JKfiK* 

tlTV^So Hi OOWW^faX-^ l 0 

6^^»3a5(cii:ffi-rs{a:ttici4, jt»?Li 1 2^^$ 

10 ixT^So 02 O&4V02 1 i£^Lfc4 ^(CT^^ 

* 1 0 6(d(4=*^ t*7V 1 6 2 2S^/*$*L, 

1 1 2 i:*^ fcf-rw 1 6 2 (4, 1/ 9 mUteWifct 

S 0 ^lz-HlOOfJlt »f^<:^<0*«£'>fc 

<-rsfc*{cgii?Li 1 2©flH£Jt^T/h*v :: 
su\ .«*.tfjra?Li 1 2(D%k£tez<w&(D3ft?>i 

HT^Jtfc5:^WSU\ Sii?Ll 1 2(4, 

ff^TfeSo SfcK»7Ll 1 2<Dffi«tt, T 9 ^ 

9 \ 0 6^tt7^ 1 6 2^iPgSct^ t>^:^V\ 

20 ma?Li 1 2^»ffiwjaiftt4^-^tt-cfcoTt^^ 

L^^^^ttT^cfcV^ ^v^-/Wfcl 0 0(4, mil 
TL 1 1 2 1 cortffiij— fS] < J: 0 \cm9& 1 ofBlJSP, ± 

fa Xf4jKSWcSS**tbSo ^^^^f$Jx7^fa 

* 1 0 6 jBia-<o^ T9T^^- 

9 1 0 6o*fiffl»»^#<ajft"rs^-e, <o9<d. 
Tk&mk&mm-r s r t a*-e# s c 

[0 16 9] 03 4(4, ^ev?zi.— /U^^te^HJfi^l®?: 

(4, *fc*«ffi{*»4 0 1 (Ci±m^a^»^4 0 5 tffl? 
30 j&£*i,T^So ®#SfiEtfm$4 0 1(4, spffiiSlStfA" 
%<DJEjjJ&±<Dmi3 4 0 2±(Cp]Stt^Rtt^4 0 3^ 

»j*s*t-cif^6. stc ees^s^*^4 o 5(4, ne 

&54 0 3_b(CirT?>ixfe«iKS#4 0 6 & 4 VQJ]£fl 4 1 
3£-&tf 0 ^tt^*4 0 6<D®mzmtfbthtc\U]%V>4 1 
3(C(4, T9T^-9 1 0 6#Kfi$ftSo / ^* 3 - *• 

[0170] 035 (4, 03 4(d7^Ly u c^ev ? ^.— /U*4 

y*-/l*10 0iH«K, ^ya-/U»4 0 0lt ffi 
*»»«ift«B4 0 l ft J: JE«£BK*A 4 0 55:^ 
tPo «#S«®f**B4 0 K4S-&4 0 2^4VRS^4 
0 3 £r^f L, ffim^fi^*^ 4 0 5 JiSttS* 4 0 6*3 
4VHagfl4 1 3^^-TSo T? c f-=3-^—9 1 0 6 (4, 7 
U-h4 1 0(C^$JxTDflai4 1 3(CH££*lSo 
^-/*4 0 0(1 y-Ky^ft404 aM404 
b , T^^^^—9 106, M7^f/^4 0 8 Sr£ b 
(C^-TSo 

so [0171] *HJS^(-4tt(i, 7 P l/- h 4 1 0(4^ 
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J&ftX'hV, *ttS*4 0 6fcKJtbix*:BllP«B4 1 4 
&mBWzMj&£tlX^Z>o !)^-K!7>f + 404 aStf 
4 0 4 b, T9 s ?^^—9 10 6, 7^/UA4 0 8, & 
t;/l/-h4 1 0(4S£4 0 2fc#LTJMWtB* 

8, Xtf^U— h4 1 0(4, fflPU4 1 4 0fiS:I. 

9, ngqgiu i 4co¥s^c*^uTi&B:^r^^-®u ? ?> I: l :, ^ 

^4 0 6, 7^/1^4 0 8, &Zf*7U— h4 1 0 <0«t»*C? 
(4, BBnflU 1 4c7)t5^4 1 ^tt±tCiae^^r^^o 
[0172] 7 P l/-h41 OO^i^tCBHtbiXfcWiiTL 

4 1 2<£>ffi;ff{4,' T9 s f'=L^—9 1 0 6^tt7^ 1 
6 2^P©SiJ:!) t**<»fi6Six-Ct^« T 9 s ? 

9 1 0 6<D**y?To< 1 6 2 fcKiI?L4 12b 
t± s >>9Wl1lfi:l&ftor&. T'V— h4 1 O<0»3 

f4JKI*L4 l 2<Dtl(cJ*^T/h£< , «*.tfJTii?L4 l 
2 3 1 «T<£>*# * ICRST*- S r t L 

V\ »ii?L4 1 2(4, — ;U*4 0 0O*'frttt£*t 

.'uXSt**J5(3fMn^^"C*)So mil?L4 12cDW® 

4V\> ^a-/^4 0 0ll *ii?L4 1 2j&*2gitl<0 

rtWcSBe$tt5 4 5 t-SS 1 0>l£S5fc:|ie*r?> r. t # 
T?*5 0 T9 s f~^—9 1 0 6/&sgB;frfaKiStf6«fc 5 
tc^Sllrtlciag^tt^O-C, Si? 4 0 2C0ii5££^;L 
T7^fax-^ l 0 eASS^lrtKeB^ftSiS** 
£(£4 «9 ^9=-ls KO«F^cotaJ5£SrSSlc3E 

[0 17 3] El 3 6(4, ^^a-yl/^^lCi^^li 
S5r^-To 13 3 2fc*Lfc*S^— /Mfcl 0 0 £R« 
(C, 03 6Mi/a- /Mfc5 0 0*4, S-&5 0 2^J:i; 
na®5 0 3 S:^r-r5»*««*f+»5 0 l £*afro * 
t ^-^#5 0 0tt, y-K7^t5 0 4 aM 

5 0 4 b, T 9^=1-^—9 106, 7-f/UA5 0 8, S 

Is- h 5 1 0 £ $ b K^-T 5o «#*«Stft» 5 0 
lWiil6S"&5 0 2tt > 'J- K!7^ 5 0 4 aW 
5 0 4 b£ifcST*#5£ 5 4«^«fBfc0B'P*FS5 1 AtmiSL 

is — h 5 l 0£ifcg"C#54 l 3*s«fi8**t 

6 0 T9 i ?^^—9 1 0 6(4:/U— h 5 1 OSr^LTJE 

t5 04 aW5 0 4 b, 7 ^ 

0 8*54tf:/U- h 5 1 0(4, JR»S*«tft«fB 5 
0 1 t-tt:^ UT»9f+*4 53tl5 0 #ll^fi0^v^ 
-/H£5 0 0(4, ¥ffi^(5ff^?l^iE^±^S*&±(- 
±@^±T*^](C^*^RaSB5 0 3j5^/&£;ft/0> 

0DgI$5 1 3±(CT^^^-^— 9 1 0 6^BBtt£*vT^ 

[0 17 4] *S*a.-/Hfr5 0 0^5feffi(4ffi*4UT*3 



5o tOfcft, /H$5 0 0^^1<^J3£$PX(4 

IB»lc3S#Six5i:, T 9 9 1 0 6^§|1<D 

c0ffi£f£)S(4, «mttiB*:«*X«ff3 0° ^<b6 0° 
a>rat-r£r t#S* U\, 
[0 17 5] ^S^*.— /U#5 0 0(4, T 9 "?^-^ — 9 1 
0 6 1 rticgBS StbS 4 5 1 0QjEa5X(4ftiJ 

:3£»£*x5 0 ^v^-vMfrS 0 0 j»SS* l 

lfcftfltttf fe*t5 0 — *\ ^a-/H*5 0 0*, § 

JCSSS 1 9 tttt bit 5 r b ##4 Ll\> 
[0 17 6] El 3 7(4, 1U3 2(£^Lfc^i^— /H*l 
0 QSr^Sgl \zJ&m\^tz.b%<D4l/9^(0)&&ft&<n 

— /W* loot ^s^h^(4, oyy^3 6 5 e> 

0 (40 3 2 "CRM bfc 4 5 &PJa»Sr«;i S r b ifiHt^ 
LV\ ^y^-/H$: 10 0 <D9tifatm^ 1 ^rtSP^if A 
^ix^r bX\ 7 is— hi l 0^JJii?L l l 2 ^iMt 

§sirt^^^7^fax-^ 106 tsffi-r^o 

ioT7^ax-^ i o 6<0as&fb04fe&ja&8ri* 

30 OicK^f, g]3 4(^lfc^y^-/K^4 0 0, B3 
6 (C^Lfc^^^-— /uft:5 0 0, X(4BI 3 8 L/c^E- 
^a-;^7 0 0AM7 0 0B, /U Kfllig^f* 

6 0 0 *m^l\cm^^XJ>'9<DmM&fe&l'Xh£ 

[0 1 7 7] El 3 8 (A) (4^v^-yM£7 00B5:§ 

mmX*&J8lttffifefo<D lot Lt^^a^ft? 0 0 B 

3 6 0 l (Dftmcgi&irz 4 5 (c LTSSS l 

40 *$j^TV^6o 8tf+:/l'— b 3 5 0(C(4Sii?L3 7 0^ 
?fM$tl, Kil?L3 7 0 i7^f^x-^ l 0 6<DMW) 
S^ffiUt^So S(-> ^i/a-;uft7 0 0BWlllC 
(4?L3 8 2 3JS»rt*tt, Hfl;^e^*§P3 6 3iWtiL£ 
th&o T9*f-*-3=-—9 1 0 6^JL3 8 2(?5— *S:SC4 
5fcL-CE«SixSp UfctfoT, ^>^(4, flES^® 

3 6 3 0?L 3 8 2 SU 5 ^ ^ h 3 5 0 
?L3 7 0^lt«176t«)»t5o ffm^S^ 
^3 6 3cO?L3 8 2RX$$Ltt'7is- h 3 5 0CO^ii?L 

3 7 0(4, **c>T^^iB«5S:?Kj«-t"So fftt^ffi^*^ 
so 3 6 3 t7^fax-^ 10 6 t(4, Slft^U— h 3 5 
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7 2a*Rtte>jh/c^« 0 y ^«3Ht 3 .7 2 

^CiQ^^JtXti^o H138 (A) (D^ev?rL-/U 
ft7 0 0 B t&M&X-hZfc. 03 8 (B) «t 

9 K^r^^-^W 7 0 0 B OJES^e^»S&£^tt 1 ^ 

[0 17 8] El 3 8 (A) tf^E-v^— ;M£7 0 0 Bf2, 

0 3 2a*b0 3 6 IZtfLTcV — W 4 ^<D^V ^—frfo 
^.OSfeii^s^Sir^So twfcftjfcJgXfiasiftJlMt 
£H5o EK, ;u#7 0 0Bo£i^ 5 Wfgi:& 

10179] ^y^^-hy *yi?&ffitlZ>m\Z-< >9i* 
^l<D±ffifeMM2ffiS^tt-3»U ^l(^±®fc5 
IMljliJffi^bfittTtfc^V^^T-^^^ai^^ 10 6 

\Z^^^>^tXT9^^^—9 1 0 6^pftKrr£pT 
mm*hZ>o La-U ^rv^-/uf£7 0 0 BttWiW^ 
Wtt&3 6 0as^l<Dftg&^ffiLT^ScDT\ 

1 (7) Jt H ❖ffiJH b SixT ^t^>9i,cX^)T9^^^ 

[0 18 0] Sfc, 0 3 8 (A) oiMSfli-ertu fifbtE 

1 7 6 > 3 5 0<D-n<D^l)K ^Sl rtO 

^ y ^ i^JttS £ 9 l lcg«$ixSo El 3 8 
(A) <£>HJ60iJ-CI2, 0 3 2i^H3 6tC7^Lfcy — K 
!7^tl04a, 104b, 404 a, 4 0 4 b, 50 

4 a, RXf5 0 4 b<D^^(D^i/^--/l'fo^<Di£tbj&& 

tc, t 9 9 1 o 6o£&as^tEt#9 y 9 

[0 18 1] 03 8 (B) 12, T 9 9 10 65: 

&^ncmmLtctz<DmMfflt i,x << * 9 ®9st<omm 

0£^-To 03 8 (B) (DMMWz. £ Z> 9 * — h V 
s/^-ett, «Ha*3 6 l«7?f ^x-^ 1 0 6 ttt 

SP*f3 6 1 tT9^ =l^—9 10 6 fctt^a — /Wt U 

^^^^1-^ 1 0 6fc3.— if— o^asftfefr&^J: 
»"T5wi:as-e#5o T9 s f-^=-—9 10 6 (DmmcWt 
VbtiZ>1l3 8 012, *SlC0ftiJS»ciBt9!SixTl^p 
T9 s 5'^—9 1 0 6(2, ffill l 6 0, ±MnM 1 6 
4, T£B«ffil 6 6, SKj«1 7 eXOTW^y- b 3 

5 0 £^tr 0 Btft:/ f~ h 3 5 0 <D±mcMW)& 1 7 6 
iWf&Ztl, SfttRl 7 6(D±ffitcTam®l 6 6a^ 
^^tltl^o Tl»«ffil 6 6<D±ffifcttffiliJi 1 6 0 
a^j££ix, ffi'SJil 6 0^±Ii:±gUSil 6 4**710 

^$ntt^o ufcasoT, ffittJi 1 6 OOO^gSBtt, 
±«fSSffil 6 4 <D^m$f>RXfT&9,m l 6 6 W±SSl: 
iotlT^^in^J: 0\mi$L$tiX^Z> o &mm 
16 0, ±gpm® 164, RUTUnM 1 6 6 <0*ivt* 



(21) 

40 

«*^ttlB»Sl 7 6±(c^/£$ft,6 0 JES*^XVS 
EM£i 7 6(0Slb^«±r^^^^-^as|I^JcSlj!i-t* 

SJgtt^fcSo J&lttyru— h3 5 0tC(2KiI?l3 7 0 
a^KJtbiiXt^o ^tll<Dfidffitcti:?L3 8 ba* 

»J*$ttT^So LfcaSoT, -f>^f2, SSl^?L3 
8 OXUTOtt:/^— K3 5 0<£>»il?L3 7 O ^Ug 
ttfil 7 6 ir^te-rSo SSSl^7L3 8 ORVM/y 
- h 3 5 0tf)Rii?L3 7 0 t2, *fc>f 
io 6o 03 8 (B) >Hi60UT?(2, T9 s f-^-9 

1 0 6l2«^gB$*3 6 lfcJ;0fS»$ftT^5<0-?T* 

i o 6 &ft&b<Dmmfrh&mx% s 0 

[0182] 0 3-8 (A) *5cfctf (B) OHKIIffilfc 
*3tt5Etf+>^'- b 3 5 0fcftx.t", 0 2 0 <£>S4K1 7 

[0 1 8 3] 03 8 (C) (2T^^^— 9 1 0 6 £^ 

0?r^ffl-T5 o KMft6 0 0it7^f ax-^ 

20 1 0 6 ir^e— /UKIBS3 6 4 i£*ri~3 0 T 9 *f~ =l3l—9 
10 6 /U Ktt 3 6 4 t«2— WCfiRJgStbTl^So 

^—/UKSS3 6 4l2v-y ^ >ffimm<D^MfeV>tt&fc £ 
oT0^tl5o ^e— /WKSP3 6 4«2rtfB(^y — Ky-Y 
t3 6 2^tt^o ^e— KlFB 3 6 AttT 9 
10 6a^bJS^5 2^(D^mi-^> X 0 \Cj&f&£tlX^ 
5o KSB 3 6 4 f2^— KSB 3 6 4 t It* 

^tCH^-t-5fe*(C,/E~/UK«C3 6 4CQ2*<5OJ£0O 

106 as^s i cortgptc^ta-r s «t 5 1 

>9 t&fvk-fZo ^E~/V-KgP3 6 4fC«toT. T9 7-SL 
3^—9 10 6 C0±g|5fl;^ 16 4, ffftg 160, SI^T 

i 6 6(2-r y^^b§a$^xv>5o 

[O184] 03 8 (C) M-/UKM#6 0 0(t 
^e—/U'K*B3 6 4 fc^gl fcOPflfC^— y V^«^3 7 

2aSi^s*t^-c, >r ^^a"ss«ia^iitt^< t\> * 

40 tizmi^ ^^^a^§gi(D±Hfe5^*2ffiiJffiicftt, 
^lC0_hffifc6^*2fiiJSa^fitlT^fc>< ^^a^, T 

^fax-^ioeicgftfetsrt-c, t^^^^-^ 

io6as, is^»-r^^i6ttasfc5 0 ^-^k«j6#6 

0 0 {2, KSS 3 6 4 a^, 1 cort«R»il^Ul IT 
\,^Z)<DX\ 3§$&l<D±m j &MMfrbSztlX$1t'( ^9\Z. 
«t9, 7^f-^x-^i0 6^»L/«fl\ 

[0185] 03 9 12. 02 OtC^LfcT^^^— ^ 

1 0 6£ffl^fc-<f >9* — V yj/^SW^^y h 

so 18 0(2, ^it^tltfM ^^^7— hy^/^18 0tC*t/£ 
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Lfc«»<£M'^3SASPl 8 2SW;P^-1 84^t 

^-njr^i8on *tt^n^^ofca«, 'ma 

&&<D<< 1/9 &$C<D>(>f$-bV y i/l 

^i8 0C8lt6:i(aot, ^fy^^-hy 

[0 18 6] @4 0tt, -f >^ i/=*y bW&£M-<0^y 

V^^A^Bl 8 2, 8 4, ^^hVu-M 

8 6, /X/i^l/- M 88 ^r^T-r^o ^^Sr* 
*t-T5'/ X/U 19 0 X/l^V— M88 »^«JSc^ 
ZtlX^Zo 4>9MAUl 8 2Htffi«tt|&P 1 8 1 £ 
-fy^^AP 18 3 ^^tt5o S««tJISP 18 1IW 

y^^-hyr^i8 0(^M«n e -o^^ia 

P 1 8 3\HI/91j — b V yi/1 80^^>^HA 
;TSo .>f^*-hyy^i8 OB^iAP 18 5 £ 
>f >^{ft&P 1 8 7 fc Sr^-TSo Sft»AP 18 5JW 
^'VAftl 8 2©S»tt»n 1 8 1 «r*A-T 
5 o ^y^Mp 1 8 7IW^1AS1 8 2©^^ 

iAP 1 8 3\cjis?zmi&-f £ 0 h y 

iot, so?*- b y 8 o^b-r >-^^aspi 

8 2 ^O-Y >2 (D^^-to 18 4 tt\ 4 1/ 

^-H)yv?18 0 V * 2*ASS5 1 8 2 5:^LT 

M^^^^K^^ m 8 6(cigii-r5o 

[0187] |4 1lt 0 4 0{C^bfc>T l/t%— b ]) 
7V?18 0Wtt(DgM^to 04 1 (A) 

bV yi?l 8 0 Art, ±T*filKft»K»j58Six 

fcHEffil 9 4a |C7^f^^-^ 1 0 6 *S36#-$tt"CV^ 
^>^§5§1 9 4<7)rtSBJDi£S*^0f^iaS$- 

T2*?=*-^-# l o 6 fctEffi-r^fitgtcBSiSa l 9 
SSI 9 4<o±T*lSlfc»U^«>^36*$ixTi^o 

[0188] T9^^^—9 106 tES^S 192i(0 
9 2 i7?f-^-# 1 0 6 toraHlt 

So 9 4*s*»ixLfci:#K, flBSixfcJ; 

ot^y^SSl 9 4rtg|5^>f >^©SWS38£U Z<D 
Si^tCcto-C, JMfr^SW&aST^a.;*-* l 0 6tc<fc 

oT^w^^TT^^^^-^ i o 6&mttW)-rz>-5im 

m*hZ>o 9 2£tS:ij-£r irtcioT. T9J- 

[0189] 041 (B) ^y^*-M)^yi80 



(22) 

42 

B07^fax-^ 10 611 9 4C0WI& 

p^ftiJS±^S?»$ixTt^o Ji/tW&u l 8 7<D£ 

^-Cfefttf, T 9 3-^—9 l 0 6tt, -f>^§§§19 
4(0flJffiXH:JiEBS»cSS»SixTfcJ:v> o ifc; T 9^^- 
^ 1 0 6{^y^gll 9 4<D((iI;£ft(7)^L4cg£;i 
**t6ri:*#*Uif\ -f^^tt, >fy^MP 1 8 7 

6*4>'9&1&Q l 8 7^3fi«{c^tt6r irtcj:^, -f 
- 7xy TOit^ y^7^fax-^ 106 

6 rt-T ^ ^7xy Koi^jSSrflfcSlfclft ffii- 5 r k &X 

[0 19 0] JEfC, T9 = ?'^^—9 1 0 6%4>9&1& 
P 1 8 7<a3S^fcli£tt5w£T\ -f^SSS:** V y 
iS±<D$-bV y*Jib;v¥\z.&m-tZ>UK, 4>'9&2& 
±.(07 9?-=-^— 9 106^-yy y*J±.<D&&k<DtiL 

yitktom&C&^XikbSL&tttottL. 4^9W^Uk 

20 ^JtS^JSftT Li ofc 9 fcS^ttO y l/>ft£k<n 

T9 s f-=^=^— 9 10 6 Sr^^^SSl 9 4c7)iH*'fp](7)4 1 

[0191] 04 2te4l/#%— b*J yi/1 8 Oc^MtC 
ffi^^ff^^^-ro 04 2 (A) rt^O-^^-hy^ 
^18 OCCO®f®0, 04 2 (B) t*04 2 (A) \Ctf 
Ltc4 istU— b V yi/ 1 8 OC^flll l 9 4b 

ufcw®0, »i4 2 (o \^<D^m^h(n>m^m 

xhz> 0 ^y^*-hyy^i80cit ^*#ia«* 

g7 kTf'^zL^— ? 10 6 <^HIi^S«6 1 0 

40 ±»C3fgfifcS^Tl^6o 04 2 (B) , (C) ICfrrfXo 

tc, ^#K«^» 7 ttElK*IE 6 l 0O±*«c^$ 
tb, T^^*^^— * 1 0 6rt|p)— (OlH3£gS^6 1 Ofcljo 

3.01— ^ l o 6 0^ffl?rH^<}: 5 tc^SO y >-^6 1 4 

t)K mm i94b tc^^^ixSo ffljs i94b ten m 

^g|56 1 6^!»JKfifc$ix-Cl>5o #->*«S6 1 6(Ci 
oT@^St6 6 10H^^i?5l9 4(CS^L, 
oyy^61 4^li]gSStS6 1 Olcjf Lott3wi:-e, 
so T^^^-^-"^ 1 0 6 0fi»««iWy^ ^^fl4-T6r 
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[0 19 2] *»#flE«#a7X^»*fB«^a7f+ 
i£fcftffi^6 1 2jWR**;h/C^6 0 1 2tt*Nf 

E E P R OMft £<0»**;i^fB*¥*** * V f£ J: o 
tM^Tt)J:^o ^tf!5tS^®7i:T^f L ^^- 
* 10 6 t^p— £)[e]&g«6 1 0±\ZBfiL2X\**&<D 
X\ T9<?=l=>—9 1 0 6&tf¥##IBlt# i ©7S:-Y> 

[0 19 3] T^^-* 106ft, -Y V^3£!§ 1 9 
ttT*^^-* 1 0 6^ttSLfc-Y V^a*«^>f > 

mi~zm\cmi<^tiZ4 v y 

fMB«^®!7rt\ W^S«l9 4rtWy?^7 
/ke>£#, WW^^^v^ISi 9 4rtfci*fc 

7^-^©-ot LX&M1r6 0 -Y^s&Bi 9 4rt<0 
tbjzs?^%zl 9 4rt<£>f v^^/KKft^v Ktf>i # 

[0 19 4] El 4 3ft, h!i yv^l 8 0<£>M 

fdffico|IJ8S^«BS:*-t-o 124 3 (A) fc^-r-r >^^7- 

h y ^v^i 8 odii :^2r»i 9 4<n®m \ 94b 

(CltOT^f ^x-^ 1 0 6 ^if t^o I2 2 4M* 
Lfc, £ *tfc*R<B T 2 *?* =3-=z-—# 1 0 6£, 

wftblSSc^T'*?-^— * 106^ LTffll^ri* 

RBHSris^TftMIl 9 4 b fcBES£ftT^So WtMT 
23-*.^-? 1 0 6Sr±T*[Sl^raPBS:jol/^Tffli8 1 9 

[0195] 043 (B) iC^iV — h y yi? 1 

8 OEft, ^y^gSli 9 4<n\mmi 9 4 blC±T*ft 
l:S^7^f*x-? 6 0 6 Sr^-TSo -hT^ftfc* 



(23) 

44 

^7^fax-^6 0 6l:J;oT, -Y>^8«l94rt 

T^a-x— 2 6 0 6 (^IJlt ill 9 4 bicji^cQ 
^a±Oft^^*t5:<!:^iJi<, H4 3 (B) 
l£*3V*Ttt\ T^^x-^ 6 0 6 M1119 4 b£>lS 

[0 1 9 6] El 4 3 (C) l^f^y^^-Mi^^l 

8 0FI1 .12 4 3 (A) tC^Lfe^^* — h V 

soot mm^ ^ 1 9 4 <Dwst 1 9 4 b \cm 

io »(^7^fax-^ l 0 "BfcSStfU S^7^^x 
-^10 6 (DiEBlc0T^corBlll^^V^T±T*"rSl^ft'/ N 
KSil9 2«i^ 0 @2 4ic*Lfc, 
fc**©7?fax-^i0 6S:, :Jx6«»07*f 

106 t esses 1 9 2 t<^.rafctt N ^r^^x^fc 

^zn-^ i o 6 ^o^Pift, 

mstu L/ct # fcttSix (aot^y^ l 9 4rt£& 

i o 6 3as»f^»'*-5''Brsett*«>5o #^co 

<fc?lcB&8tSl 9 2^5rtiaot, T 2 "f**-^ 
* l 0 6^ISf^»S:IKCw iriS-e^So BSStS l 

9 2ft-r v^^gj-f 5- ^.T^^Lfc^fa^T^^^. 

[0 19 7] [2 4 4 ft, h y 8 0 (OM 

ictecoHlfe?KffiSr*-r o 124 4 (A) <D>(>#$—hV 
30 yv^l 8 0GI1 -f 9 4(^±® 19 4c 

PH^JtbixTl^SCO-C, -O^^SIl 9 4COjSaftii 
3iUTV>5o >f^^*— h y ^ v^l 8 OGft^OPSffi 

2 1 2<D^tt^WC«toTEBSttfc^SC(^lR^2 1 

3 Sr^-TSo 2 1 3 cDj£^ftXW£iiil-r 

».l 9 4(^±® 1 9 4 ctCftT^^^-^— ^ 1 0 6^g 
f^tl^o 0 2 4^ L/c, -Mi$Wc7^f- 
40 ax-^10 6?:, Ztlh^i^<DT^^^^— # 1 0 6 
t ITffl^Sr 4:iS»4Lt\ 7^fax-^i06 
ft, >f 19 4 OltX^^ 2 13 (0±M 194c(^) 

ISP18 7«#*fc*#<, ^^^tt^&P 1 8 7**b>f 

y^g^i 9 4oH^^^?>(coixT, iR^^2 l 3 

1 0 6^iB«^tt5P B 1B5ft-<>'^W^&P 18 7 
fiiJ*SJE£< , A^ZmfcU 1 8 7i*b>T^»Bl 940 

so [0 19 8) ^^it v^tt^P l 8 7i*fe#UiS 
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ix> Sft*S«itAP 1 8 5 4^A5©t, -O^AMS 
P 1 8 7ft(|coiK^^2 1 3^^V^^- hV yi?l 8 
0GgdHcd;£<£>j&^^2 l 3^£^:^i&$*Bfc$jh/2>o 
#J;itf, >f >^0tt&P 1 8 7»C*fciS^JRg£2 1 3 0 
>f ^^^m^StbT, -Y^^tft^&P 1 8 7fc*fciglMR 
$^2 1 3(0>T V^^TkfiG^T^oTl^P^, te<0lR§ 
^2 1 3(Ctt>T V^aWc^axTl^o -Y V^flWftP 1 
8 7tC*t>5fit^^2 1 3<P-<:^fl$i)W£jhJ^<f 
i:, Jl/?W&0 1 8 7*^»^.T2#-B<DiR 

Si21.3fc«AU 2#l©flX8l213rt^>'^. 
mmtZtltbltoXs 2#g£>lR^2 1 3(D4>#<D7k 

b«C*T3#PEJl|*OiRS^2 1 3KI4, J^ttmtz 
ZtlXlt^&o Z<DiL0\£, 4 isf&f&Q 1 8 7fc3fil^lft 
^2 1 3^^iS^lK^2 1 3^£«#fC>f i^i^g 

[0 19 9] r^ct^td, 1 0 6^^tl 

«&frG9lfcg^2 1 3 rt^^^^S^l 9 40li 1 9 

#5o JKfc. »R^2 1 3©Sitf, -0^{«£P 1 8 
7^feiRS^2 l 3 0>H^£&*fc:/h$ < 4ot^5© 

[O2OO]044 (B) ^y^#-M)y^l8 0 
H{4, 9 4£>_hffil 9 4 c*>feT#fcJStf 

£-oOWiM2 1 2Sr^T.-f5o Pi^2 1 2<7)TSi:^V 
^§^1 9 4 ©HI t ligf 3tOHB«^it 1 S w 
T\ V^^l 9 4<^j£SFP«iiiibT^?)o -f^?# 
— V V 8 0Hi4filig2 1 2 M J: o xmMZtltc 2 

m.<D\&mM2 1 3 aW2 1 3 b &G*fZ>o 4X^2 1 
3 aM2 1 3 bCiS^^S^t-iSil-r^o -Y^WI* 
P 1 8 7{HI<BJR2?S2 13a <7)^Jkl4-r 1 8 

7a*bJLTH<P;fr<OiRS^2 1 3 bcD^AJ: 
IRSS2 1 3 b(7)iili> iRS^2 1 3 a 

[0 2 0 1] 1R2?^2 1 3 bC0±Bl 9 4 ctCT^^- 
1 0 6*S^«Six4o MM, Kfl2 1 3 blc 

fi, b y s^i 8 OH^Siig^cAS^faSr 

it>x.5*t*S)5/^7r 2 l 4*M^5« HI4 4 

(B) tC*5U>T, /^7r2 1 4(4, >f >^^£§1 9 4 
<omm 19 4b *>e>±*^JSV5»i: L-C»J*Six5. 

1 ±\£4 V 9 tyM^2 1 3 b rttcgALfc^ 
fe£«ib;L5<£>T\ ^iCctoTT^f^-x-^ 1 0 6 
i/$ 3-1/ h*b&m^%mi¥W)ZPj±-fZ>^btfXZ 
5 0 T9^^—9 1 0 6&lfcS§^2 1 3 b<0± 

a 1 9 4 c \zmm>^ r>. -o^^r^>vt^ 



45 

2 1 3 a t©>f ©}B»«((K:»Jf Ltili Wt6 
IC, l&§^2 1 3 bCOS*5rdS2 1 2<7)fi$-*»Pfll««: 

[0 2 0 2] 0 4 4 (C) 14, El 4 4 (B) (D^fi?* 

<£>JR§S 2 13b tC^JLWSPtt 2 1 
..6***.SiX-Ct^*o #?L««B*J"2 1 6*4, «i2 1 

$*t5 0 ^?L1MP*f 2 1 6(4, 7^:*^—* 1 0 6 b 

©aaaib+fcfflftaw >^ifcs^2 1 3 b^tcgAL 
er-rwtgtt^feSo ta>u #?ntswt2 1 6«s«x. 

^»^A50S:B6Cri:dS-c#5 0 ^JLSttttt-2 
1 6(4^>^£<*^1-5<E>-CM' y^^gH5It^ 

20 ^x->? 1 0 6 ^y^siHy^t!) ^ttti« 

/h$l^lRSS2 1 3 rait5- UV\ 
T^^^zjl— $ 1 0 6§riR^R2 1 3 b(0±® 1.9 4 c 

td, IR^^2 1 3 bcoS*£PIi£2 1 2 ^S^^PfllHS: 

30 ^"C#5o 

[0 2 0 3] 044 (D) 14, 044 (C) (O4^^1o 
-byr/1801 <^#5LK»*f 2 1 6a*jLe<0j*fcS 
2nm<O^KWUU 2 1 6 ASI/2 1 6 BtCioT^^ 
S jxtt^'f V^* - b!) y 1 8 0 J S:*to ^?LK 
|fPW2 1 6 A(4, £HK&tt2 1 6 B(^±*tCiae$tt 
T^So ±«J<0#?L«gM*2 1 6A(D?L^(4, Tffi'J^^ 
?L»«fBW2 1 6 B(D?LS«t fcb<tt, #?LK 

35^2 1 6 Att. #?L®^2 1 6 B <t 9 fcttffcRfPte 
sWffiv^SW-WRjaiSJtSo ?L / #co/jN$^#?L®§P*t2 1 
40 6 B<DXmi&<D±$\,^Jim$f>tt2 1 6Ai!)^lf 
*tt^C#l^-C, l&S^2 1 3 brt<£>f V^a s TiBa<0# 
?L^SPW2 1 6 Bt^4 9, {SUS^ixSo Ufc^oT, 
—§t&fS.&T?<? 1 0 6*T*SU^LT-r 

-^10 6^5>3fit^ftyo#?LK«fP«-2 1 6 BlC-f 
so ax-^ 10 6 5riR^S2 1 3 b (DIM 19 4c fcKtt 
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5:: tie ±9, j>?~T^\?ti&tii£tn:**b&£. 

sg^2 1 3 b(D^S£PBffi2 1 2coS^ J ^raPHSr^xfc 

mtti&vm&timj ^ims: t a*x# 

So 

[0 2 0 4] 04512, 1344 (C) {C^Ltc'O'PX 

?#-h!>yyr8 O<0#JLft»tt2 1 6(2, #7LfCgB 
#2 1 6 OTSBOtK^I^I^WBW^, -f :<**«1 9 
4^i£Mco*-f^(CtfttT#^(C/jN$ < &5 J: 3 feflESiS 

(A) (D^lspX-hV 8 0Ktt v ^?L«gP«2 

4 ^ ? te&HW&tt 2 l 6T^ti^^ti, 
5c T^^*^— ^ 1 0-6**6>itv^flj|©#?LWWt2 l 

£X\ T2^=l=^—# 1 

[0 2 0 5] — 04 5 (B) ,fitfia4 5 (C) <E»f 
^'*-Hly^l8 0Ltt, &y\MWti2 1 6<7)~F£iS 

V>X, -fy^tgl 9 4 <7>J&Etc6ttXl&* 

y^Sfll 9 4^j£ffi©*[Rl^tPJtT»^{C/hS < 4o 

1 6coTgfl^£ft&bft, M$n5o Tt^^zs.—* 
1 0 6^bii^Mfi'J^^?LW^W2 1 6 B<DTm^>? 

4 ^j&M&frSwirt-toX, h'^^- h y y 

18 0 LC0±S^if$tLfcT^^aLai-^ 10 6IU 

[0 2 0 6] 04 612, T^^z^^l— $ 1 0 6 Sr/B^fc 
Js'tX-hV yi?<Dm\Zj&(DnMmm*^iro 046 

(A) CO^^^^-h y yi/2 2 0AI2, -T^^-h 
y yi?2 2 QAO±.mfrbTJj^kMZfZ>X0\£mVh 



(25) 

tltcfS 1 ^PiS 2 2 2 S:*-r5o % 1 <OPBS 2 2 2 C7)T 

st^y^^-fy 5/^22 0 A^jss^^w^(2ms 
©WPi* s ffi^fejx"ci^s©"c, >rv^i2, 

y yi^2 2 0 AOj£S£iIDX^>^#M&P 2 3 O^jfE 
AXt5o ^1£>PBS2 2 2 J;9^^tt«&P 2 -3 01 
MI2, -TV^^-hy yV2 2 0A<Dj&EJ:9-h;tfM® 
tf5J:9tcl2^RIS2 2 4^\ »J***bTW^6 0 $2 
<»m&2 2 4<D±t&b<<{>?$- h y yi?2 2 OAlffi 

10 (2, -f^^^-hy yi?2 2 OAOiSSriiCX-f^^ 
tt&P 2 3 0— SfcAXtfco 
[0 2 0 7] £l<E>H5l2 2 2t£j:oX, W^flWSP 
2 3 0/^bEX, ^ 1 £)PSffi2 2 2 0jR4>jftCft 1 OiR 
gS2 2 5 a«^Wo S20ijl2 2 4l: 

tot, W >^tt*&P 2 3 0*^.ftT^2OP««2 2 4 
(D#tftffiiJ^2^iR^2 2 5 bJ&^/&£ix5o 31 1 
IR^^ 2 2 5 a ^^412, ^ 2 COiR^^ 2 2 5 b (D^fi 
i9*SV\ Sgi<£>PBS2 2 2&tfSB2<E>PBl£2 240 

20 fc:J;9, ^«&2 2 7^/&£*l£ 0 Ufc^oX, fgl 

<7)lR^^ 2 2 5 a <D>< (2, sfeflf J8 2 2 7 (D^Wgjl 

tc2:9, ^«&2 2 7Jc**k>u5o Z&tctb. 

2 C9iR5g^ 2 2 5 b—igA-rSO*[»Jh-r5r 

tK^2, ^^C^^«CTI^X#So WISP 2 3 

'Oi^at, SlOlE8i2.2 5aft, ^2C0lRS^2 
2 5 b «fc 0HJCJF^$ixXV>5^X*, mi<Vl&mm2 2 
5 a<0-T ^as*B*$tbfc«, »20iR8l2 2 5 bO 

30 [0 2 0 8] ^ V^^7— h y ryv^ 2 0A^y^« 
P2 3p«OiBS, ^fcJb^2 WRS^2 2 5 b<Z)>f 

2 3.om<Dwma^ T?=r^^--$ ioe 

aS3S**JxX^5o T & *f- x-zl—? 1 0 6 (2, I201R 
ax-^i0 6?r, ^ 2 OJRg^ 2 2 5 b OfiiJS^jg 

^^^-^ 10 6 ^W>2(D^m^2 2 5 b(^fiiJlitC^» 
■r^iii^ 5:^x5 Zb\c£ V , i?<Dtifj&T*<D>(z/i?1gt& 

5 0 €W*S2 2 7tCioX^l^lR^2 2 5 aHI 
2(7)iR^^2 2 5 b^>f ^^*S^*&$ttSr tfc«t 9, 
T^^-* 1 0 612, >fy^-fyr^2 2 0A 
oUtgi-Uc J: 5 >f > 9 (D&ffiiTMD&m&g: »t te^<ox\ 

>-^^^2^>lKS^2 2 5 b^^>^ 1 C0lRg^2 2 5 a 

[0 2 0 9] >fy^*-hy ^^2 2 0 A(0±S(C|2, 
so iS&±#2 2 8tfiWttfbtlX^Z>o iSlh#2 2 8»C±o 
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X^4>?$- b V yi?2 2 0 AtmffitlLtztZlC^ 
K<':i*ft5 0 i£.lt#2 2 8£^>^;*7- b 

?X-hV yi?2 2 OAfrb<Dm&*&5<*ZkfrV$ 
5 0 -f^*- b y 5^2 2 OArtO>f 

m 4>?# — h y ^^2 2 0 Art(OAflE^iS?Jt#2 2 
8(0/£^S:«x5i:, iglh# 2 2 8 ^Hfl^T, ^>^;*7 
- b y s/v?2 2 0 AlCffiStSrRAW t<0'&fflCX>( > 

— h!) yi?22 0 ArtOiE^^— So 
[02101046 (C) (D) ft, i£±#2 2 8 

cOf¥^OKFfB5r^-r o 134 6 (C) coi£ib#2 2 8ft, 
=/^fcJ:9"JBj**JxfcS*2 3 2 a5r^i-?>#2 3 2£ 

3 3#, S«2 3 2 a tcMft LT^ #~ h^^2 
2 OMsStfibtlSo 35^2 3 2 a (CjZoT, ii«?L 2 3 
3**, f^gfl£;ftSo i£lt#2 2 8ft, 4f0*—hVy 

0rt^ffid s iSit#2 2 8<DJ£;>J£«;L6 fc, 33ft 2 3 
2a^ - b y S/^2 2 0Of*HB9lcHI#, ^gfl 

co^mSr-T b y yv?2 2 Ort^ffiOAixSo 0 

4 6 (D) C0i£lh# 2 2 8 ft, =*:MC«fc 0^J*£;frfc# 
2 3 2 t/^2 3 5 iS:tt5. i£lt#2 2 8ft, -Y V 
^^-by yi>2 2.0rtoAffi^iS?ih#2 2 8 0JE^jS: 
Si5i> #2 3 2^ ^2 3 5&ftJ£ LTP^#, *b 
SB<Z)£5R£:^ b V y i/2 2 OfttcKAU 
«Hi:"C>r^*- b y y^2 2 Ort<DABESr— 

[0 2 1 1] El 4 6 (B) tfM — hy 5/^2 2 0 

Bft, 134 6 (A) O-T X7tt~ b y :yv>2 2 0 A Id $3 
>>Ti£lb#2 2 8£Ktt5ft:bQfcSl<0JK§S2 2 5 
afc*?Llt»W2 4 2«rEltt-CV^5. ^JLHSSW 2 4 

2ft, Yy^*-h!iy^2 2 0Brt^y^^f 

6£*t£, -Y>^^7- b y 3^2 2 0 B*s«»ixLfc.i: 
J^fUfisfy?*— b y s>v>2 2 OBcD^gfl-if 

[0 2 12] Wi, y 2/^fc3g#Sft5, ^rt^ 
vJigiJft<ZM b y y ^tc*5i^T\ -f YP*:— b 

y s/v>Xft*^ y y *J\cT9?-=-=-—9 10 6 
a^frfcol^Ta^fca^ Z-vVyVk-mtZti. * 
*})yiSk&\C << >?i/^y bE«3Sfifc3S«f£*L5 
>f >^*V^tCT^^— * 1 0 6£g£*LTt>J; 

y s^fc>f y?*®:i&lrz>*y*\ y y^^so^i 

y 2 $ > 2 '\ct 2 =l=c—# i o 6^gf Ltt 

[0 2 13] rjKff-fe i: E«*« (iftta^^ 
y) j EJLk, *SISficD3f?IBfc^a-f ^^ffi»tftHl«fi6 



(26) 

tt#O#«<0>f — b y y i^COl>Tf&9!Lfc 0 r 

[0214] B4 7Sr#RS-r5t, W Y\) y*J 

8 0 011 «x.tfHl.<D*-b!; y^fcffla-rs. 

by r^8 0 0tt, ffifrir^-^ 8 0 2 *5ctWB» 
fW^^^-y 8 0 4 »»ir>-f-8 0 2 tt, ±i£ 

y 8 0 4*1, *«W©jRftS8«©BI#ft«)-»*-C 
fo6o iSfffiS^ : ey 8 0 4{t EEPROM?(DS^ 

1 % 7) fcffiS-TSo 

[0 2 15] EftSftlMfllffi 8 1 Ott, -f^^^rcs; b 

f5^«*$iJ»-rs^>b: 0 ^-^T*«^^ixSo Eft3£ 
IMiA8 1 0tt^^mtoS^8 1 2 4r*-T5o 
^W^Sa5 8 1 2. »#-fe^-5-8 0 2*3«fctftB»W** 

20 ^ey 8 04tcJ:«9^>^^»^ffi^e^«^^ttSo.m 

JMftUJ«i3SlaS8 1 2tt, «#-fe^*8 0 2S:»J»LT*H 
U ^^BliSlt^Sr^^lf * y 8 0 4 

4^jbS6^ffli-o 

[0 2 16] |2^g*J^|fP8 1 Ott$"fclCffl*flMB«- 

1 4«j:vR]Mttf^«jmF(8 1 6Sr^-rSo 

W««^8S8 1 4(^, M»tttt>Xa(B8 1 2^^ffiLfc 

2 o^M^t^- iftcti^-rSe r^^/W8l8|: 

30 ai*s:*-riajB«j*s**$ix, ^ ^ 820 

[0217] ^iMlbf^Mffffls 816 ft, MfttttttJOatt 
8 1 2*stftttlUfc«*ttli8««»2:«<S#, Bi*J»f^»8 
2 2SrfBJ»-t-So BUBiJBbf^SB 8 2 2 ft, fp^y H\ — 
yK»ihS6«, ffl«2&0iS«*rcfcSo Will 

ta^aai8 1 2ft, >f ^a*as/i<ttofci:*jwr$jx 

Sit, Rl*J»f^»8 2 2\Z^W)ft*W±£^Z>o 

40 [0 2 18] EASEltlHmn8 l Oft, tftffiSixfciB* 

^ft, -rv^«*^e, -<^^*-by y^S£*as«* 

[0 2 19] ?B»1f«7<^y 8 0 4 lco^T!¥£jB 

(CfftPJ-T^o y 8 0 4 ft, i£{zMr Vlf- 8 0 

2*fflt^fc»H»tt»wttUJ»cHii-t-5ffi»Hitfll*S:E 

tf. m»fl»«^*y 8 o 4<0ifiJM*l» 

tfffilStgaS8 0 6iC|S1g$tl5o ffi^ffl*Q;ag|5 8 1 2 
so ft, «flc-fe^8 0 2Srffl^T#blxfcm*«fB«*S: 
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[0220] mmvtmmzmmm* *y 8 04ts 

tg-rs - £ tt, x?*— h y yv?8 o ocoistmc 

T\ >9$.— h V 0 O^W^v 5 y MEfi(:2S 

m&tft&**y 8 0 7^»C^V^*- h y j/^8 0 
Ot- fctfCfeS. -f h D yi?S 0 0liS«|5)C 
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* NOTICES * 

Japan Patent Office is not responsible for any damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The liquid container characterized by having the liquid sensor which is the liquid 
container with which liquid use equipment is equipped, and has a piezoelectric device, and a 
storage means. 

[Claim 2] The liquid container according to claim 1 characterized by the aforementioned 
storage means memorizing consumption related information. 

[Claim 3] The aforementioned consumption related information is a liquid container according 
to claim 1 characterized by including the consumption status information acquired using the 
aforementioned liquid sensor. 

[Claim 4] The aforementioned consumption related information is a liquid container according 
to claim 2 characterized by including the detection property information used when acquiring a 
consumption situation using a liquid sensor. 

[Claim 5] The aforementioned storage means is a liquid container according to claim 4 
characterized by having memorized the detection property information before consumption 
which shows the detection property before starting consumption of the liquid in the 
aforementioned liquid container as the aforementioned detection property information. 
[Claim 6] The aforementioned storage means is a liquid container according to claim 4 to 5 
characterized by having memorized the detection property information after consumption 
which shows the detection property of the schedule detected when a liquid is consumed to 
predetermined detection goals as the aforementioned detection property information. 
[Claim 7] The aforementioned detection property information is a liquid container according to 
claim 5 to 6 characterized by being the information on the resonance frequency showing the 
size of an acoustic impedance. 

[Claim 8] The aforementioned storage means is a liquid container according to claim 1 
characterized by memorizing ink kind information. 

[Claim 9] The aforementioned ink kind information is a liquid container according to claim 8 



characterized by being the information acquired using the liquid sensor. 

[Claim 10] The aforementioned storage means is a liquid container according to claim 4 to 7 

characterized by storing the aforementioned detection property measure-of-information value 

after the aforementioned liquid use equipment is equipped with the aforementioned liquid 

container. 

[Claim 11] The aforementioned storage means is a liquid container according to claim 4 to 7 
characterized by storing the aforementioned detection property measure-of-information value 
in the manufacture process of the aforementioned liquid container. 

[Claim 12] The aforementioned storage means is a liquid container according to claim 1 
characterized by memorizing the information before consumption. 

[Claim 13] The aforementioned storage means is a liquid container according to claim 1 
characterized by memorizing consumption variation information. 

[Claim 14] The aforementioned liquid sensor and the aforementioned storage means are a 
liquid container according to claim 1 characterized by being prepared on the same substrate. 
[Claim 15] The aforementioned substrate is a liquid container according to claim 14 
characterized by being arranged near the feed hopper which supplies a liquid from the 
aforementioned liquid container. 

[Claim 16] The liquid container according to claim 14 or 15 characterized by equipping the 
aforementioned substrate with the attachment module object with which the aforementioned 
liquid sensor and the attachment structure were unified. 

[Claim 17] The liquid container according to claim 14 to 16 characterized by including the 
positioning structure of positioning the aforementioned substrate to the aforementioned liquid 
container. 

[Claim 18] The liquid container according to claim 1 to 17 characterized by detecting a liquid 
consumption state by the aforementioned liquid sensor based on change of an acoustic 
impedance. 

[Claim 19] The aforementioned liquid sensor is a liquid container according to claim 18 
characterized by detecting a liquid consumption state based on outputting the signal which 
shows a residual vibration state and a residual vibration state changing according to a liquid 
consumption state. 

[Claim 20] The aforementioned storage means is a liquid container according to claim 1 to 19 
characterized by including semiconductor memory. 

[Claim 21] It is the liquid container characterized by being the ink cartridge by which an ink-jet 
recording device is equipped with the aforementioned liquid container in a liquid container 
according to claim 1 to 20. 

[Claim 22] The aforementioned storage means is a liquid container according to claim 1 
characterized by the ability to rewrite. 

[Claim 23] The aforementioned storage means is a liquid container according to claim 1 



2 



characterized by being attached in a liquid container at one. 

[Claim 24] The aforementioned storage means is a liquid container according to claim 1 
characterized by memorizing the information about ink. 

[Claim 25] Liquid detection equipment characterized by having a substrate, the sensor with 
which have a piezoelectric device and the 1st position of the aforementioned substrate is 
equipped, and the storage means with which the 2nd position of the aforementioned substrate 
is equipped. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is detecting change of an acoustic 
impedance, and it is detecting change of resonance frequency also especially in it. It is related 
with the liquid container equipped with the piezo- electric equipment for detecting the 
consumption state of the liquid in the liquid container which holds a liquid, in more detail 
Make the ink of a pressure generating room correspond to print data by the pressure 
generating means, pressurize, and it prepares for the ink cartridge applied to the ink-jet 
recording device which is made to breathe out an ink drop and is printed from nozzle opening. 
It is related with the piezo-electric equipment which detects the consumption state of the ink in 
an ink cartridge. 
[0002] 

[Description of the Prior Art] As a liquid container to which this invention is applied, it 
explains taking the case of the ink cartridge with which an ink-jet formula recording device is 
equipped. Generally the ink-jet recording device is equipped with the carriage with which the 
ink-jet formula recording head equipped with a pressure generating means to pressurize a 
pressure generating room, and nozzle opening which carries out the regurgitation of the 
pressurized ink as an ink drop from nozzle opening was carried, and the ink tank which holds 
the ink supplied to a recording head through passage, and it is constituted so that continuation 
printing may be possible. When ink is consumed, as for an ink tank, what is constituted as a 
removable cartridge to the recording device is common so that a user can exchange easily. 
[0003] The method of software integrating conventionally the number of counts of the ink drop 
breathed out by the recording head and the amount of ink attracted at the maintenance process 
of a print head as a management method of ink consumption of an ink cartridge, being on 
calculation, and managing ink consumption, the method of managing ink consumption by 
detecting the time of specified quantity consumption of the ink actually being carried out by 
attaching two electrodes for direct oil-level detection in an ink cartridge, etc. were learned. 



[0004] However, the method of software integrating the number of regurgitation and the 
attracted amount of ink of an ink drop, and being on calculation and managing ink 
consumption By the operating environment, for example, by the difference between the height 
of the temperature of the use interior of a room, or humidity, the elapsed time after opening of 
an ink cartridge, and the operating frequency in a user side etc. The pressure in an ink 
cartridge and the viscosity of ink changed, and there was a problem that the error which cannot 
be disregarded between the ink consumption on calculation and actual consumption will arise. 
Moreover, since the integrated counted value will once be reset when the same cartridge is once 
demounted and it equips with it again, there was also a problem that an actual ink residue 
completely will not be clear anymore. 

[0005] Since the method of on the other hand managing the time of ink being consumed by the 
electrode can detect the amount of real of one point with ink consumption, it can manage an ink 
residue with high reliability. However, in order to detect the oil level of ink, ink must be 
conductivity and the kind of ink therefore used will be limited. Moreover, there is a problem 
which the fluid-tight structure between an electrode and an ink cartridge complicates. 
Furthermore, as a material of an electrode, usually, since conductivity used noble metals also 
with a corrosion resistance it is good and high, the problem that the manufacturing cost of an 
ink cartridge increased also had it. Furthermore, since it was necessary to equip somewhere 
else of an ink cartridge with two electrodes, respectively, the manufacturing process increased 
and there was also a problem that a manufacturing cost will increase as a result. 
[0006] 

[Problem(s) to be Solved by the Invention] Then, this invention aims at offering the liquid 
container which could detect correctly the consumption state of a liquid which can solve the 
above-mentioned technical problem, and made complicated seal structure unnecessary. 
Moreover, other purposes of this invention are to offer the ink cartridge which could detect the 
consumption state of ink correctly and made complicated seal structure unnecessary. 
[0007] this invention improves such detection technology while offering the technology of 
detecting a liquid residue especially using vibration, this invention enables suitable use of a 
detection result, and enables improvement in detection precision. In addition, this invention is 
not limited to an ink cartridge, but can be applied also to liquid detection of other liquid 
containers. 

[0008] The above-mentioned purpose is attained by the combination of the feature given in the 
independent term in a claim. Moreover, a subordinate term specifies the further advantageous 
example of this invention. 
[0009] 

[Means for Solving the Problem] The mode with this invention is a liquid container with which 
liquid use equipment is equipped. Typically, liquid use equipment is an ink-jet recording device, 
and a liquid container is an ink cartridge. The liquid container of this invention is equipped 
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with the liquid sensor which has a piezoelectric device, and a storage means. Preferably, the 
detecting signal which shows vibration of the piezoelectric device according to the consumption 
state of the liquid in a container is generated. A storage means memorizes the information 
about a liquid container. A storage means is consumption information memory preferably, 
consumption information memory can be rewritten and the consumption related information 
relevant to the detection of a consumption state using the liquid sensor is memorized. By using 
a piezoelectric device, there is also no liquid spill and a consumption state can be detected 
appropriately. By having had the storage means related with a piezoelectric device, 
consumption related information required of the liquid container can be given to each liquid 
container. 

[0010] The consumption status information acquired using the aforementioned liquid sensor is 
sufficient as consumption related information. For example, suppose that the liquid container 
was removed from liquid use equipment where a liquid is consumed to the middle. When again 
equipped with the liquid container, or when another equipment is equipped, a consumption 
state can be read and used from a storage means. That is, it is avoidable that a detection result 
is lost in connection with the desorption of a container. And a user is told about a consumption 
state or control based on a consumption state can be performed. Thus, according to this 
invention, suitable use of a detection result is attained. In addition to the consumption state 
which the liquid sensor detected, a storage means may memorize the consumption state 
presumed from the amount of printings. 

[00 11] Moreover, the detection property information used when acquiring a consumption 
situation using a liquid sensor is sufficient as consumption related information, and it is 
information which should be preferably detected according to a consumption state. Based on 
detection property information, a consumption state is detected using a liquid sensor, the 
information detection property information indicates an acoustic impedance to be - the 
information on resonance frequency is preferably sufficient For example, the control computer 
of an ink-jet recording device carries out a detection processing facility more. This control 
computer should just receive detection property information from a cartridge at the time of 
wearing of an ink cartridge. 

[0012] this invention is especially advantageous to a difference of the detection property of each 
liquid container. With dispersion in a container configuration, or other various factors, the 
detection property of the sensor with which the liquid container was equipped changes for 
every container. Then, preferably, a detection property peculiar to each container is measured, 
and it is stored in a storage means. By using this detection property, the influence by 
dispersion in the property between containers can be reduced, and detection precision can be 
improved. 

[0013] The front [ consumption ] detection property information which shows the detection 
properties (acoustic impedance etc.) before starting consumption of the liquid in a liquid 



container is sufficient as detection property information. Moreover, the after [ consumption ] 
detection property information which shows the detection property of the schedule detected 
when a liquid is consumed to predetermined detection goals is sufficient as detection property 
information. Of course, you may memorize both the detection property information before 
consumption, and the detection property information after consumption. 
[0014] A storage means (consumption information memory) may store a detection property 
measure-of-information value, after the equipment which uses the liquid of a liquid container is 
equipped with a liquid container. For example, when an ink-jet recording device is equipped 
with an ink cartridge, a liquid sensor is used immediately after it and an acoustic impedance is 
detected. The measured value is stored in consumption information memory, and after the ink 
beginning of using is used as detection property information. The detection property prepared 
beforehand may be corrected based on measured value. By such early adjustment, dispersion 
based on the individual differences of a container can be absorbed appropriately, and 
improvement in detection precision can be aimed at. 

[0015] A storage means (consumption information memory) may store a detection property 
measure-of-information value in the manufacture process of a liquid container. Since measured 
value is calculated in manufacture process, the measured value of the detection property before 
liquid pouring is also obtained. Both or one side of the detection property information before 
consumption and the detection property information after consumption is easily storable. 
[0016] A storage means may memorize the information before consumption. A storage means 
may memorize consumption variation information. 

[0017] A storage means may memorize the information about ink. A storage means may 
memorize ink kind information. The information acquired using the liquid sensor is sufficient 
as ink kind information. 

[0018] The liquid sensor and the storage means may be arranged in the place where it differs 
on a liquid container. Both composition may be arranged in a different place on the same wall 
surface on a liquid container. Both composition may be arranged at the wall surface from which 
a liquid container differs, respectively. The wall surface in which a liquid sensor is installed 
may lie at right angles to the wall surface in which a storage means (consumption information 
memory) is installed. 

[0019] You may have the liquid sensor and the storage means in the center of the container 
cross direction. Both composition of both is near the feed hopper which supplies a liquid from a 
liquid container, and you may have it in the center of the container cross direction. The 
advantage that a position gap of the liquid sensor to the inclination of the container at the time 
of wearing and memory can be made small is acquired. Furthermore, a position gap of a liquid 
sensor and memory can be made small using the positioning composition of a feed hopper. 
[0020] It may be prepared on the substrate (consumption detection substrate) with same liquid 
sensor and storage means. Attachment of a liquid sensor and memory is easy. A substrate is 



near the feed hopper which supplies a liquid from a liquid container, may be arranged in the 
center of the container cross direction, and can make a position gap small as mentioned above. 
[0021] Moreover, the substrate may be equipped with the attachment module object with which 
a liquid sensor and the attachment structure were unified. A liquid sensor can be protected 
from the exterior. Moreover, attachment can become easy, work can be simplified and reduction 
of cost can be aimed at. 

[0022] The positioning structure of positioning a substrate to a liquid container may be 
established. Attaching position precision can be improved. 

[0023] Based on change of the acoustic impedance accompanying liquid consumption, a 
consumption state is detected preferably. The aforementioned liquid sensor may output the 
signal which shows the residual vibration state after generating vibration. A liquid 
consumption state is detected based on a residual vibration state changing according to a liquid 
consumption state. 

[0024] Moreover, the aforementioned liquid sensor may generate the detecting signal according 
to the reflected wave to the aforementioned elastic wave while generating an elastic wave 
toward the interior of the aforementioned liquid container. 
[0025] Semiconductor memory like EEPROM is sufficient as a storage means. 
[0026] Another mode of this invention is liquid detection equipment. Liquid detection 
equipment has a liquid sensor and a storage means. A liquid sensor has a piezoelectric device. 
The detecting signal which shows vibration of the piezoelectric device according to the 
consumption state of the liquid in a liquid container is generated. A storage means can be 
rewritten and the consumption related information relevant to the detection of a consumption 
state using the aforementioned liquid sensor is memorized. 

[0027] A liquid container does not need to be equipped with both a liquid sensor, and both [ one 

side or ] in this mode. Moreover, even if the detection processing facility using the liquid sensor 

is arranged at the external equipment connected even if arranged at liquid use equipment and 

it is arranged at a liquid container, it may be divided into two or more places. 

[0028] For example, a liquid container is equipped with a liquid sensor and memory and a 

detection processing facility presuppose that it prepared for liquid use equipment. A detection 

processing facility discriminates a liquid container, and it uses the consumption related 

information corresponding to the liquid container, reading it from a storage means. 

[0029] Another mode of this invention is a liquid consumption detection substrate used in order 

to detect the consumption state of the liquid in a liquid container, and has a sensor and a 

storage means. 

[0030] In addition, the outline of the above-mentioned invention is not what enumerated all the 
required features of this invention, and the sub combination of these characterizing group may 
also be invented. 
[0031] 



[Embodiments of the Invention] Although this invention is hereafter explained through the 
gestalt of implementation of invention, not all the combination of the feature of the following 
operation gestalten that do not limit invention concerning a claim and are explained in the 
operation gestalt is necessarily indispensable for the solution means of invention. 
[0032] First, the principle of this operation gestalt is explained. With the gestalt of this 
operation, this invention is applied to the technology of detecting the ink consumption state in 
an ink container. The consumption state of ink is detected using the liquid sensor which has a 
piezoelectric device. A liquid sensor generates the detecting signal which shows vibration of the 
piezoelectric device according to the ink consumption state. 

[0033] In addition to a liquid sensor, as a feature of the gestalt of this operation, consumption 
information memory is prepared in an ink cartridge. Consumption information memory is one 
gestalt of the storage means for the liquid containers of this invention. Consumption 
information memory can be rewritten and the consumption related information relevant to the 
detection of a consumption state using the liquid sensor is memorized. By having had 
consumption information memory, consumption related information required of the liquid 
container can be given to each liquid container. 

[0034] Consumption related information is the consumption status information acquired for 
example, using the liquid sensor. An ink cartridge is removed from an ink-jet recording device, 
and presupposes that it is equipped again. Since consumption status information is held at 
memory, disappearance of consumption status information is avoided. Consumption status 
information is read from memory at the time of wearing, and can be used for it. 
[0035] Moreover, the information on the detection property which should be detected according 
to the consumption state of a liquid is sufficient as consumption related information. Detection 
property information is information which shows the acoustic impedance for example, 
according to the ink consumption state. This detection property information is read and it is 
used for detection of a consumption state. According to this gestalt, ink- jet equipment does not 
need to have detection property information. It can be coped with suitable also for change of the 
detection property by the design change of a cartridge. 

[0036] The form of this operation is advantageous to the individual difference of an ink 
cartridge. It originates in manufacture dispersion of a cartridge etc. and detection properties 
differ little by little for every cartridge. By storing the detection property of each cartridge in 
consumption information memory, the influence by the individual difference can be reduced 
and improvement in detection precision can be aimed at. 

[0037] Furthermore, consumption information memory memorizes the information about ink 
as a storage means of this invention. A storage means memorizes ink kind information etc. 
Moreover, this storage means memorizes other information, such as the date of manufacture, 
cleaning sequence information, and image-processing information. 

[0038] Below, with reference to a drawing, this operation form is explained more concretely. 
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First, the foundations of the technology of detecting ink consumption based on vibration using 
piezo-electric equipment are explained. Various application of detection technology is explained 
following this. In the form of this operation, the ink cartridge has a liquid sensor and 
consumption information memory. It continues and the detail of related matters is explained to 
consumption information memory with reference to drawing 47 . 

[0039] In the form of this operation, a liquid sensor specifically consists of piezo-electric 
equipment. In the following explanation, an "actuator" and a "elastic-wave generating means" 
are equivalent to a liquid sensor. Moreover, consumption information memory is semiconductor 
memory (semiconductor storage means). 

[0040] The fundamental concept of a "cartridge which detects ink consumption" this invention 
is using an oscillating phenomenon, and is detecting the state (the existence of the liquid in a 
liquid container, the amount of a liquid, the water level of a liquid, the kind of liquid, and 
composition of a liquid being included) of the liquid in a liquid container. It crawls as detection 
of the state of the liquid in the liquid container using the concrete oscillating phenomenon, and 
the method of shoes can be considered. For example, an elastic-wave generating means 
generates an elastic wave to the interior of a liquid container, and there is a method of 
detecting the medium in a liquid container and change of the state by receiving the reflected 
wave reflected with an oil level or the wall which counters. Moreover, there is also the method 
of detecting change of an acoustic impedance apart from this from the oscillation characteristic 
of the vibrating body. As a method of using change of an acoustic impedance By vibrating the 
oscillating section of the piezo-electric equipment or the actuator which has a piezoelectric 
device, and measuring the counter-electromotive force produced by the residual vibration 
which remains in the oscillating section after that The method of detecting change of an 
acoustic impedance by detecting resonance frequency or a counter-electromotive -force wave 
amplitude, The impedance characteristic or admittance property of a liquid is measured with 
impedance analyzers, such as a measurement machine, for example, a propagation circuit etc., 
and there is the method of measuring change by the frequency of the current value when giving 
current value, a voltage value change, or vibration to a liquid or a voltage value. About the 
detail of the principle of operation of an elastic-wave generating means and piezo-electric 
equipment, or an actuator, it mentions later. 

[0041] Drawing 1 is the cross section of the monochrome to which this invention is applied, for 
example, 1 operation form of the ink cartridge for black ink. The ink cartridge of drawing 1 is 
based on the method of receiving the reflected wave of an elastic wave of the methods explained 
above, and detecting the position of the oil level in a liquid container, and the existence of a 
liquid. The elastic-wave generating means 3 is used as a means to generate an elastic wave and 
to receive again. The ink feed hopper 2 joined to the ink supply needle of a recording device is 
formed in the container 1 which holds ink. It is attached in the outside of base la of a container 
1 so that the elastic-wave generating means 3 can transmit an elastic wave to internal ink 



through a container. When Ink K becomes the stage all consumed mostly, i.e., an ink near end, 
the elastic-wave generating means 3 is formed in the position of the some upper part rather 
than the ink feed hopper 2 for transfer of an elastic wave to change into a gas from ink. In 
addition, a receiving means may be established independently and the elastic-wave generating 
means 3 may only be used as a generating means. 

[0042] Packing 4 and the valve element 6 are formed in the ink feed hopper 2. the ink supply 
needle 32 which packing 4 opens for free passage to a recording head 31 as shown in drawing 3 , 
and liquid - it is engaged densely The valve element 6 is always ****(ed) by the spring 5 to 
packing 4. If the ink supply needle 32 is inserted, a valve element 6 will be pushed on the ink 
supply needle 32, ink passage will be opened wide, and the ink in a container 1 will be supplied 
to a recording head 31 through the ink feed hopper 2 and the ink supply needle 32. It is 
equipped with a semiconductor storage means 7 by which the information about the ink in an 
ink cartridge was stored, on the upper wall of a container 1. 

[0043] Drawing 2 is the perspective diagram seen from the background which shows one 
example of the ink cartridge which holds two or more kinds of ink. A container 8 is divided into 
three ink rooms 9, 10, and 11 by the septum. The ink feed hoppers 12, 13, and 14 are formed in 
each ink room. The elastic-wave generating meanses 15, 16, and 17 are attached in base 8a of 
each ink room 9, 10, and 11 so that an elastic wave can be transmitted to the ink held in each 
ink interior of a room through the container 8. 

[0044] Drawing 3 is the cross section showing the operation form of the important section of the 
ink -jet recording device suitable for the ink cartridge shown in drawing 1 and 2. The carriage 
30 which can reciprocate crosswise [ of a record form ] is equipped with the sub tank unit 33, 
and the recording head 31 is formed in the undersurface of the sub tank unit 33. Moreover, the 
ink supply needle 32 is formed in the ink cartridge loading side side of the sub tank unit 33. 
[0045] Drawing 4 is the cross section showing the detail of the sub tank unit 33. The sub tank 
unit 33 has the ink supply needle 32, the ink room 34, **** 36, and a filter 37. In the ink room 
34, the ink supplied through the ink supply needle 32 from an ink cartridge is held. **** 36 is 
designed so that it may open and close by the pressure differential between the ink room 34 
and the ink supply way 35. The ink supply way 35 is open for free passage to the recording head 
31, and has the structure where ink is supplied to a recording head 31. 

[0046] If the ink feed hopper 2 of a container 1 is inserted in the ink supply needle 32 of the sub 
tank unit 33 as shown in drawing 3 , a valve element 6 will resist a spring 5, and will retreat, 
ink passage will be formed, and the ink in a container 1 will flow into the ink room 34. Record 
operation is performed, after making negative pressure act on nozzle opening of a recording 
head 31 and filling up ink into a recording head 31 with the stage where the ink room 34 was 
filled up with ink. 

[0047] If ink is consumed by record operation in a recording head 31, since the pressure of the 
downstream of**** 36 will decline, as shown in drawing 4 , **** 36 separates and opens from a 
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valve element 38. When **** 36 opens, the ink of the ink room 34 flows into a recording head 31 
through the ink supply way 35. The ink of a container 1 flows into the sub tank unit 33 through 
the ink supply needle 32 with the inflow of the ink to a recording head 31. 
[0048] During the period of a recording device of operation, a driving signal is supplied to the 
elastic-wave generating means 3 the timing of the detection set up beforehand, for example, a 
fixed period. The elastic wave generated by the elastic-wave generating means 3 spreads base 
la of a container 1, is transmitted to ink and spreads ink. 

[0049] A residue detection function can be given to the ink cartridge itself by sticking the 
elastic- wave generating means 3 on a container 1. Since the embedding of the electrode for 
oil-level detection at the time of fabrication of a container 1 becomes unnecessary according to 
this invention, an injection-molding process is simplified, the liquid spill from an electrode 
imbedding field is lost, and the reliability of an ink cartridge can be improved. 
[0050] Drawing 5 shows the manufacture method of the elastic- wave generating meanses 3, 15, 
16, and 17. The fixed substrate 20 is formed of material, such as a ceramic which can be 
calcinated. First, as shown in drawing 5 (I), the electrical-conducting-material layer 21 used as 
one electrode is formed in the front face of the fixed substrate 20. Next, as shown in drawing 5 
(II), the green sheet 22 of piezoelectric material is put on the front face of the 
electrical-conducting-material layer 21. Next, as shown in drawing 5 (III), after fabricating a 
green sheet 22 in a predetermined configuration with a press etc. at the configuration of 
vibrator and carrying out after an air drying, it calcinates with burning temperature, for 
example, 1200 degreeC. Next, as shown in drawing 5 (IV), the electrical-conducting-material 
layer 23 used as the electrode of another side is formed in the front face of a green sheet 22, and 
it polarizes possible [ flexural oscillation ]. Finally, as shown in drawing 5 (V), the fixed 
substrate 20 is cut for every element. By fixing the fixed substrate 20 to the predetermined field 
of a container 1 with adhesives etc., the elastic-wave generating means 3 is fixed to the 
predetermined field of a container 1, and ink car TOJJI with a residue detection function is 
completed. 

[0051] Drawing 6 shows other operation forms of the elastic-wave generating means 3 shown in 
drawing 5 . In the example of drawing 5 , the electrical-conducting-material layer 21 is used as 
a connection electrode. On the other hand, in the example of drawing 6 , the end-connection 
children 21a and 23a are formed in an upper position with solder etc. rather than the front face 
of the piezoelectric-material layer constituted by the green sheet 22. By the end -connection 
children 21a and 23a, direct mounting to the circuit board of the elastic-wave generating means 
3 is attained, and leading about of lead wire becomes unnecessary. 

[0052] By the way, an elastic wave is a kind of the wave which can spread a gas, a liquid, and a 
solid-state as a medium. Therefore, the wavelength, an amplitude, a phase, vibration frequency, 
propagation, propagation velocity, etc. of an elastic wave change with change of a medium. On 
the other hand, also in the reflected wave of an elastic wave, the state and property of the wave 
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change with change of a medium. Therefore, it becomes possible to get to know the state of the 
medium by using the reflected wave which changes with change of the medium which an 
elastic wave spreads. In detecting the state of the liquid in a liquid container by this method, it 
uses for example, an elastic-wave transmitter-receiver. If it explains taking the case of the form 
of drawing 1 - drawing 3 , a transmitter-receiver will give an elastic wave first to a medium, for 
example, a liquid, or a liquid container, and the elastic wave spreads the inside of a medium, 
and reaches on the surface of a liquid. Since it has the boundary of a liquid and a gas on the 
surface of a liquid, a reflected wave is returned to a transmitter-receiver. A 
transmitter-receiver can receive a reflected wave and can measure the distance of a 
transmitter or a receiver, and the front face of a liquid from the attenuation factor of the 
amplitude of the elastic wave which the traffic time and the transmitter of the reflected wave 
generated, and the reflected wave which the front face of a liquid reflected etc. The state of the 
liquid in a liquid container is detectable using this. The elastic-wave generating means 3 may 
be used as a transmitter-receiver in the method of using the reflected wave by change of the 
medium which an elastic wave spreads as a simple substance, and may equip with the receiver 
of exclusive use independently. 

[0053] As described above, the arrival time to the elastic-wave generating means 3 of the 
reflected wave which produces the elastic wave which is generated by the elastic-wave 
generating means 3, and spreads the inside of ink liquid on an ink liquid front face with the 
density and oil-level level of ink liquid changes. Therefore, when composition of ink is fixed, the 
arrival time of the reflected wave produced on an ink liquid front face is influenced by the 
amount of ink. Therefore, the amount of ink is detectable by detecting time after the 
elastic-wave generating means 3 generates an elastic wave until the reflected wave from an ink 
front face reaches the elastic: wave generating means 3. Moreover, since an elastic wave 
vibrates the particle contained in ink, it contributes to preventing precipitation of a pigment etc. 
in the case of the ink of the pigment system which used the pigment as a coloring agent. 
[0054] When the ink of an ink cartridge decreases in number to ink and near by printing 
operation or maintenance operation and it becomes impossible for the elastic-wave generating 
means 3 to receive a reflected wave by forming the elastic-wave generating means 3 in a 
container 1, it can judge with it being an ink near end, and exchange of an ink cartridge can be 
urged. 

[0055] Drawing 7 shows other examples of the ink cartridge of this invention. An interval is 
prepared in the vertical direction and two or more elastic-wave generating meanses 41-44 are 
established on the side attachment wall of a container 1. The ink cartridge of drawing 7 can 
detect the existence of the ink in the level of the wearing position of each elastic-wave 
generating means 41*44 by whether ink exists in each position of the elastic-wave generating 
meanses 41-44. For example, when the water level of ink is the level between the elastic-wave 
generating meanses 44 and 43, it will detect, if the elastic-wave generating means 44 does not 



12 



have ink, and since it will detect if the elastic-wave generating meanses 41, 42, and 43 have ink, 
it turns out that the water level of ink is the level between the elastic wave generating meanses 
44 and 43. Therefore, an ink residue is gradually detectable by establishing two or more 
elastic- wave generating meanses 41*44. 

[0056] Drawing 8 and drawing 9 show the example of further others of the ink cartridge of this 
invention, respectively. In the example shown in drawing 8 , base la aslant formed in the 
vertical direction is equipped with the elastic-wave generating means 65. Moreover, in the 
example shown in drawing 9 , the elastic-wave generating means 66 prolonged for a long time 
perpendicularly is established near the base of side-attachment-wall lb. 

[0057] If according to the example of drawing 8 and drawing 9 ink is consumed and a part of 
elastic-wave generating meanses 65 and 66 come to be exposed from an oil level, the arrival 
time and the acoustic impedance of a reflected wave of an elastic wave which the elastic-wave 
generating meanses 65 and 66 generated will change continuously corresponding to the change 
delta hi and delta h2 of an oil level. Therefore, ink and the process of until are correctly 
detectable from the ink near end state of an ink residue by detecting the arrival time of the 
reflected wave of an elastic wave, or the degree of change of an acoustic impedance. 
[0058] In addition, the example was taken and explained to the ink cartridge of form which 
holds ink in a liquid container directly in the above-mentioned example. As other operation 
gestalten of an ink cartridge, it may load with a porosity elastic body into a container 1, and the 
ink cartridge of form into which liquid ink is infiltrated at a porosity elastic body may be 
equipped with an above-mentioned elastic-wave generating means. Moreover, although 
enlargement of a cartridge is suppressed by using an oscillated type piezoelectric transducer in 
an above-mentioned example, it is also possible to use a longitudinal-oscillation type 
piezoelectric transducer. Furthermore, in an above-mentioned example, an elastic wave is 
transmitted by the same elastic-wave generating means, and waves are received. As other 
operation gestalten, you may detect an ink residue using an elastic-wave generating means 
which is different by the object for wave transmission, and the object for wave-receiving. 
[0059] Drawing 10 shows the example of further others of the ink cartridge of this invention. 
An interval is prepared in the vertical direction and two or more elastic-wave generating 
meanses 65a, 65b, and 65c are formed in the container 1 at base la aslant formed in the 
vertical direction. According to this example, the arrival time of the reflected wave of the elastic 
wave to each elastic-wave generating means 65a, 65b, and 65c in the level of the wearing 
position of each elastic-wave generating means 65a, 65b, and 65c differs by whether ink exists 
in each position of two or more elastic-wave generating meanses 65a, 65b, and 65c. Therefore, 
the existence of the ink in the level of the wearing position of each elastic-wave generating 
means 65a, 65b, and 65c is detectable by scanning each elastic-wave generating means 65, and 
detecting the arrival time of the reflected wave of the elastic wave in the elastic- wave 
generating meanses 65a, 65b, and 65c. Therefore, an ink residue is gradually detectable. For 
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example, when an ink oil level is the level between elastic-wave generating means 65b and 
elastic-wave generating means 65c, elastic-wave generating means 65c detects those without 
ink, and, on the other hand, the elastic-wave generating meanses 65b and 65a are detected 
with those with ink. By carrying out comprehensive evaluation of these results, it turns out 
that the ink oil level is located between elastic-wave generating means 65b and elastic-wave 
generating means 65c. 

[0060] Drawing 11 shows the operation gestalt of further others of the ink cartridge of this 
invention. In order to raise the intensity of the reflected wave from an oil level, the ink 
cartridge of drawing 11 attached the plate 67 in float 68, and is wearing the ink oil level. A 
plate 67 has a high acoustic impedance, and it is formed of the plate of a material equipped 
with ink-proof nature, for example, a ceramic. 

[0061] Drawing 12 shows other operation gestalten of an ink cartridge shown in drawing 11 . 
Like the ink cartridge of drawing 11 , in order to raise the intensity of the reflected wave from 
an oil level, the ink cartridge of drawing 12 attached the plate 67 in float 68, and is wearing the 
ink oil level. The elastic-wave generating means 65 is fixed to base la by which drawing 12 (A) 
was aslant formed in the vertical direction. If an ink residue decreases and the elastic-wave 
generating means 65 is exposed from an oil level, since the arrival time to the elastic-wave 
generating means 65 of the reflected wave of the elastic wave which the elastic-wave 
generating means 65 generated will change, the existence of the ink in the level of the wearing 
position of the elastic-wave generating means 65 is detectable. Since base la aslant formed in 
the vertical direction is equipped with the elastic-wave generating means 65 and ink is 
somewhat left behind in the container 1 after the elastic-wave generating means 65 detects 
having no ink, the ink residue at the ink near end time is detectable. 

[0062] Drawing 12 (B) prepares an interval in the vertical direction at base la aslant formed in 
the vertical direction, and two or more elastic-wave generating meanses 65a, 65b, and 65c are 
formed in the container 1. According to the example of drawing 12 (B), the arrival time to the 
elastic-wave generating meanses 65a, 65b, and 65c of the reflected wave in the level of the 
wearing position of each elastic-wave generating means 65a, 65b, and 65c differs by whether 
ink exists in each position of two or more elastic-wave generating meanses 65a, 65b, and 65c. 
Therefore, the existence of the ink in the level of the wearing position of each elastic- wave 
generating means 65a, 65b, and 65c is detectable by scanning each elastic-wave generating 
means 65, and detecting the arrival time of the reflected wave in each elastic-wave generating 
means. For example, when an ink oil level is the level between elastic-wave generating means 
65b and elastic-wave generating means 65c, elastic-wave generating means 65c detects those 
without ink, and, on the other hand, the elastic-wave generating meanses 65b and 65a are 
detected with those with ink. By carrying out comprehensive evaluation of these results, it 
turns out that the ink oil level is located between elastic-wave generating means 65b and 
elastic-wave generating means 65c. 
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[0063] Drawing 13 shows the operation gestalt of further others of the ink cartridge of this 
invention. The ink absorber 74 is arranged so that at least a part may counter breakthrough lc 
by which the ink cartridge shown in drawing 13 (A) was prepared in the interior of a container 
1. The elastic-wave generating means 70 is fixed to base la of a container 1 so that 
breakthrough lc may be countered. The ink cartridge shown in drawing 13 (B) is made to 
counter lh of slots opened for free passage and formed in breakthrough lc, and the ink 
absorber 75 is arranged. 

[0064] If according to the operation gestalt shown in drawing 13 the ink in a container 1 is 
consumed and the ink absorbers 74 and 75 are exposed from ink, the ink of the ink absorbers 74 
and 75 will flow out with a self-weight, and will supply ink to a recording head 31. If all ink is 
consumed, since the ink absorbers 74 and 75 suck up the ink which remains in breakthrough lc, 
ink will be completely discharged from the crevice of breakthrough lc. Therefore, since the 
state of the reflected wave of the elastic wave which the elastic-wave generating means 70 
generated at ink and the time changes, an ink end can be detected still more certainly. 
[0065] Drawing 14 shows the flat surface of the operation gestalt of further others of 
breakthrough lc. As shown in (C) from drawing 14 (A), respectively, if the flat-surface 
configuration of breakthrough lc is a configuration where an elastic- wave generating means 
can be attached, it is good in the configurations where circular, a rectangle, a triangle, etc. are 
arbitrary. 

[0066] Drawing 15 shows the cross section of other operation gestalten of the ink-jet recording 
device of this invention. Drawing 15 (A) shows the cross section of only an ink-jet recording 
device. Drawing 15 (B) shows a cross section when an ink-jet recording device is equipped with 
an ink cartridge 272. The carriage 250 which can reciprocate crosswise [ of an ink-jet record 
form ] has a recording head 252 on the inferior surface of tongue. Carriage 250 has the sub tank 
unit 256 on the upper surface of a recording head 252. The sub tank unit 256 has the same 
composition as the sub tank unit 33 shown in drawing 6 . The sub tank unit 256 has the ink 
supply needle 254 in the loading side side of an ink cartridge 272. Carriage 250 has heights 258 
so that the field in which an ink cartridge 272 is carried may be countered at the pars basilaris 
ossis occipitalis of an ink cartridge 272. Heights 258 have the elastic-wave generating meanses 
260, such as a piezoelectric transducer. 

[0067] Drawing 16 shows the operation gestalt of the ink cartridge suitable for the recording 
device shown in drawing 15 . Drawing 16 (A) shows monochrome, for example, the operation 
gestalt of the ink cartridge for black ink. The ink cartridge 272 of this operation gestalt has the 
container 274 which holds ink, and the ink feed hopper 276 joined to the ink supply needle 254 
of a recording device. A container 274 has the crevice 278 which engages with base 274a with 
heights 258. A crevice 278 holds the ultrasonic transfer material 280, for example, gelling 
material. 

[0068] The ink feed hopper 276 has packing 282, a valve element 286, and a spring 284. 
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packing 282 - the ink supply needle 254 and liquid - it is engaged densely A valve element 286 
is always ****(ed) by packing 282 with a spring 284. If the ink supply needle 254 is inserted in 
the ink feed hopper 276, a valve element 286 will be pushed on the ink supply needle 254, and 
ink passage will be opened. The upper part of a container 274 is equipped with a semiconductor 
storage means 288 by which the information about the ink of an ink cartridge 272 etc. was 
stored. 

[0069] Drawing 16 (B) shows the operation gestalt of the ink cartridge which holds two or more 
sorts of ink. A container 290 is divided into two or more fields 292, 294, and 296, i.e., three ink 
rooms, by the wall. Each ink room 292, 294, and 296 has the ink feed hoppers 298,300 and 302. 
The gelling material 304, 306, and 308 for transmitting the elastic wave which the elastic-wave 
generating means 260 generated to the field which counters each ink rooms 292, 294, and 296 
of base 290a of a container 290 is held in the tubed crevices 310, 312, and 314. 
[0070] Since a valve element 286 will resist a spring 284, will retreat and ink passage will be 
formed if the ink feed hopper 276 of an ink cartridge 272 is inserted in the ink supply needle 
254 of the sub tank unit 256 as shown in drawing 15 (B), the ink in an ink cartridge 272 flows 
into the ink room 262. Record operation is performed, after making negative pressure act on 
nozzle opening of a recording head 252 and filling up ink into a recording head 252 with the 
stage where the ink room 262 was filled up with ink. If ink is consumed by record operation by 
the recording head 252, since the pressure of the downstream of **** 266 will decline, **** 266 
separates and opens from a valve element 270. The ink of the ink room 262 flows into a 
recording head 252 by valve opening of **** 266. It accompanies to the inflow of the ink to a 
recording head 252, and the ink of an ink cartridge 272 flows into the sub tank unit 256. 
[0071] During the period of a recording device of operation, a driving signal is supplied to the 
elastic-wave generating means 260 the timing of the detection set up beforehand, for example, 
a fixed period. The elastic wave generated by the elastic-wave generating means 260 is emitted 
from heights 258, spreads the gelling material 280 of base 274a of an ink cartridge 272, and is 
transmitted to the ink in an ink cartridge 272. Although the elastic-wave generating means 260 
was formed in carriage 250 in drawing 15 , you may establish the elastic-wave generating 
means 260 in the sub tank unit 256. 

[0072] Since the elastic wave which the elastic-wave generating means 260 generated spreads 
the inside of ink liquid, time for the reflected wave reflected by the oil level to arrive at the 
elastic-wave descendant means 260 with the density of ink liquid or the oil- level level of ink 
changes. Therefore, when composition of ink is fixed, the arrival time of the reflected wave 
produced on a liquid front face is influenced by only the amount of ink. Therefore, the amount 
of ink in an ink cartridge 272 is detectable by detecting time until the reflected wave from the 
ink liquid front face after excitation of the elastic-wave generating means 260 reaches the 
elastic-wave generating means 260. Moreover, since the elastic wave which the elastic-wave 
generating means 260 generates vibrates the particle contained in ink, it prevents precipitation 
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of a pigment etc. 

[0073] When the ink in an ink cartridge 272 decreases in number to ink and near by printing 
operation or maintenance operation and it becomes impossible to receive the reflected wave 
from the ink liquid front face after elastic-wave generating by the elastic-wave generating 
means 260, it can judge with it being an ink near end, and exchange of an ink cartridge 272 can 
be urged. In addition, when not being equipped with the ink cartridge 272 as the convention at 
carriage 250, the propagation form of the elastic wave by the elastic-wave generating means 
260 changes extremely. This can be used, when an extreme change of an elastic wave is 
detected, an alarm can be emitted, and check of an ink cartridge 272 can also be demanded 
from a user. 

[0074] The arrival time to the elastic-wave generating means 260 of the reflected wave of the 
elastic wave which the elastic-wave generating means 260 generated is influenced with the 
density of the ink held in the container 274. According to the kind of ink, since the densities of 
ink may differ, respectively, the data about the kind of ink held in ink car TORITSU 272 can be 
stored in the semiconductor storage means 288, and an ink residue can be detected more to 
accuracy by performing the detection sequence according to it. 

[0075] Drawing 17 shows other operation forms of the ink cartridge 272 of this invention. As for 
the ink cartridge 272 shown in drawing 17 , base 274a is aslant formed in the vertical direction. 
If the ink residue of the ink cartridge 272 of drawing 17 decreases and a part of irradiation field 
of the elastic wave of the elastic- wave generating means 260 is exposed from an ink oil level, 
the arrival time to the elastic- wave generating means 260 of the reflected wave of the elastic 
wave which the elastic-wave generating means 260 generated will change continuously 
corresponding to the change deltahl of an ink oil level, deltahl shows the difference of the 
height of base 274a in the ends of the gelling material 280. Therefore, ink and the process of 
until are correctly detectable from an ink near end state by detecting the arrival time to the 
elastic-wave generating means 260 of a reflected wave. 

[0076] Drawing 18 shows the ink cartridge 272 of this invention, and the operation form of 
further others of an ink-jet recording device. The ink-jet recording device of drawing 18 has 
heights 258 f in side 274b by the side of the ink feed hopper 276 of an ink cartridge 272. Heights 
258' contains elastic- wave generating means 260'. Gelling material 280' is prepared in side 
274b of an ink cartridge 272 so that it may engage with heights 258'. drawing 18 - an ink 
cartridge - 272 " depending if-- ink - a residue -- decreasing - an elastic wave " generating 
- a means -- 260 " ' " an elastic wave " irradiation - a field - a part " an oil level -- from -- 
exposing " if-" an elastic wave -- generating - a means 260 " ' - having generated - an 
elastic wave " a reflected wave - an elastic wave - generating - a means - 260 - ' - arrival - 
time - and an acoustic impedance - the change deltah2 of an oil level deltah2 expresses the 
difference of the height of the upper limit of gelling material 280', and a soffit. Therefore, ink 
and the process of until are correctly detectable from an ink near end state by detecting the 
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arrival time to elastic- wave generating means 260' of a reflected wave, or the degree of change 
of an acoustic impedance. 

[0077] In addition, the example was taken and explained to the ink cartridge of form which 
holds ink in a container 274 directly in the above-mentioned example. As other operation forms, 
a container 274 may be loaded with a porosity elastic body, and the elastic-wave generating • 
means 260 may be applied to the ink cartridge of form which infiltrates ink into a porosity 
elastic body. Furthermore, in the above-mentioned example, when an ink residue was detected 
based on the reflected wave in an oil level, the elastic wave was transmitted and received by the 
same elastic-wave generating means 260 and 260'. this invention is not limited to this and may 
use an elastic-wave generating means 260 which is different in wave transmission and 
wave-receiving of an elastic wave as other operation forms, respectively. 

[0078] Drawing 19 shows other operation forms of an ink cartridge 272 shown in drawing 16 . 
An ink cartridge 272 attaches a plate 316 in float 318, is wearing an ink oil level and raises the 
intensity of the reflected wave from an ink oil level. A plate 316 has a high acoustic impedance, 
and it is desirable to be formed with a material equipped with ink-proof nature, for example, a 
ceramic etc. 

[0079] Drawing 20 and drawing 2 1 show the detail and equal circuit of an actuator 106 which 
are 1 operation form of piezo-electric equipment. An actuator here is used for the method of 
detecting change of an acoustic impedance at least and detecting the consumption state of the 
liquid in a liquid container. It is used for the method of detecting change of an acoustic 
impedance at least and detecting the consumption state of the liquid in a liquid container 
because resonance frequency detects by residual vibration especially. Drawing 20 (A) is the 
expansion plan of an actuator 106. Drawing 20 (B) shows the B-B cross section of an actuator 
106. Drawing 20 (C) shows the OC cross section of an actuator 106. Furthermore, drawing 21 
(A) and drawing 21 (B) show the equal circuit of an actuator 106. Moreover, drawing 2 1 (C) and 
drawing 21 (D) show the circumference containing the actuator 106 when ink is filled in the ink 
cartridge, respectively, and its equal circuit, and drawing 21 (E) and drawing 21 (F) show the 
circumference containing the actuator 106 in case there is no ink into an ink cartridge, 
respectively, and its equal circuit. 

[0080] The substrate 178 to which an actuator 106 has the opening 161 of a circle configuration 
in the center mostly, The diaphragm 176 arranged in one field (henceforth a front face) of a 
substrate 178 so that opening 161 may be covered, The piezo-electric layer 160 arranged at the 
front-face side of a diaphragm 176, and the up electrode 164 and the lower electrode 166 which 
inserts the piezo-electric layer 160 from both, It has the auxiliary electrode 172 which is 
arranged between the up electrode terminal 168 electrically combined with the up electrode 
164, the lower electrode terminal 170 electrically combined with the lower electrode 166, and 
the up electrode 164 and the up electrode terminal 168, and combines both electrically. The 
piezo-electric layer 160, the up electrode 164, and the lower electrode 166 have a circular 
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portion as each principal part. Each circular portion of the piezoelectric layer 160, the up 
electrode 164, and the lower electrode 166 forms a piezoelectric device. 

[0081] A diaphragm 176 is formed in the front face of a substrate 178 so that opening 161 may 
be covered. A cavity 162 is formed of the opening 161 of a diaphragm 176, the facing portion, 
and the opening 161 of the front face of a substrate 178. With the piezoelectric device of a 
substrate 178, the field (henceforth a rear face) of an opposite side faces the liquid-container 
side, and the cavity 162 is constituted so that a liquid may be contacted, even if a liquid enters 
in a cavity 162, a liquid does not leak to the front-face side of a substrate 178 -- as - a 
diaphragm 176 - a substrate 178 receiving -- liquid it is attached densely 
[0082] The front face of a diaphragm 176, i.e., a liquid container, is located in the field of an 
opposite side, and the lower electrode 166 is attached so that the center of a circular portion 
and the center of opening 161 which are the principal part of the lower electrode 166 may be 
mostly in agreement. In addition, it is set up so that the area of the circular portion of the lower 
electrode 166 may become smaller than the area of opening 161. On the other hand, the 
piezo-electric layer 160 is formed in the front-face side of the lower electrode 166 so that the 
center of the circular portion and the center of opening 161 may be mostly in agreement. The 
area of the circular portion of the piezo-electric layer 160 is set up so that it may become larger 
than the area of the circular portion of the lower electrode 166 smaller than the area of opening 
161. 

[0083] On the other hand, it is formed in the front-face side of the piezo-electric layer 160 so 
that the center of a circular portion and the center of opening 161 that the up electrode 164 is 
the principal part may be mostly in agreement. The area of the circular portion of the up 
electrode 164 is set up so that it may become larger than the area of the circular portion of the 
lower electrode 166 smaller than the area of the circular portions of opening 161 and the 
piezo-electric layer 160. 

[0084] Therefore, the principal part of the piezo-electric layer 160 has structure inserted and 
crowded from a front-face and rear-face side, respectively by the principal part of the up 
electrode 164, and the principal part of the lower electrode 166, and can carry out the 
deformation drive of the piezo-electric layer 160 effectively. The circular portion which is each 
principal part of the piezo-electric layer 160, the up electrode 164, and the lower electrode 166 
forms the piezoelectric device in an actuator 106. The piezoelectric device is in contact with the 
diaphragm 176 as mentioned above. Moreover, opening 161 has the largest area among the 
circular portions of the circular portions of the circular portion of the up electrode 164, and the 
piezo-electric layer 160, and the lower electrode 166, and opening 161. The oscillating field 
which actually vibrates among diaphragms 176 according to this structure is determined by 
opening 161. Moreover, since the circular portions of the circular portion of the up electrode 164 
and the piezo-electric layer 160 and the circular portion of the lower electrode 166 have an area 
smaller than opening 161, a diaphragm 176 becomes easier to vibrate. Furthermore, the 
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circular portion of the lower electrode 166 is smaller among the circular portion of the lower 
electrode 166 which connects with the piezo-electric layer 160 electrically, and the circular 
portion of the up electrode 164. Therefore, the circular portion of the lower terminal 166 
determines the portion which generates piezoelectricity effect among the piezo-electric layers 
160. 

[0085] The up electrode terminal 168 is formed in the front-face side of a diaphragm 176 so that 
it may connect with the up electrode 164 electrically through an auxiliary electrode 172. On the 
other hand, the lower electrode terminal 170 is formed in the front-face side of a diaphragm 176 
so that it may connect with the lower electrode 166 electrically. The up electrode 164 needs to 
have a level difference equal to the sum of the thickness of the piezo-electric layer 160, and the 
thickness of the lower electrode 166 while connecting with the up electrode terminal 168, since 
it is formed in the front-face side of the piezo-electric layer 160. Forming this level difference 
only by the up electrode 164 has risk of the connection state of the up electrode 164 and the up 
electrode terminal 168 becoming weak, and cutting, though it is difficult and is possible in a 
loan. Then, the up electrode 164 and the up electrode terminal 168 are connected, using an 
auxiliary electrode 172 as an auxiliary member. It becomes possible for the piezo-electric layer 
160 and the up electrode 164 to serve as structure supported by the auxiliary electrode 172, and 
to be able to obtain a desired mechanical strength, and to ensure connection between the up 
electrode 164 and the up electrode terminal 168 by doing in this way. 

[0086] In addition, the oscillating field which faces a piezoelectric device and the piezoelectric 
device of the diaphragms 176 is the oscillating section which actually vibrates in an actuator 
106. Moreover, as for the member contained in an actuator 106, being formed in one is 
desirable by being calcinated mutually. By forming an actuator 106 in one, the handling of an 
actuator 106 becomes easy. Furthermore, an oscillation characteristic improves by raising the 
intensity of a substrate 178. That is, by raising the intensity of a substrate 178, only the 
oscillating section of an actuator 106 vibrates and any portions other than the oscillating 
section do not vibrate among actuators 106. Moreover, in order for any portions other than the 
oscillating section of an actuator 106 not to vibrate, it can attain by making the piezoelectric 
device of an actuator 106 thinly and small, and making a diaphragm 176 thin to raising the 
intensity of a substrate 178. 

[0087] It is desirable to use the lead loess piezoelectric film which does not use PZT (PZT), the 
PZT lanthanum (PLZT), or lead as a material of the piezo-electric layer 160, and it is desirable 
to use a zirconia or an alumina as a material of a substrate 178. Moreover, it is desirable to use 
the same material as a substrate 178 for a diaphragm 176. Metals, such as the material which 
has conductivity, for example, gold, silver, copper, platinum, aluminum, and nickel, can be used 
for the up electrode 164, the lower electrode 166, the up electrode terminal 168, and the lower 
electrode terminal 170. 

[0088] The actuator 106 constituted as mentioned above is applicable to the container which 
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holds a liquid. For example, the container which held the penetrant remover for washing the 
ink cartridge and ink tank which are used for an ink-jet recording device, or a recording head 
can be equipped. 

[0089] The predetermined place of a liquid container is equipped with the actuator 106 shown 
in drawing 20 and drawing 21 so that the liquid held in a liquid container in a cavity 162 may 
be contacted. When the liquid is fully held in the liquid container, the inside of a cavity 162 and 
its outside are filled by the liquid. On the other hand, if the liquid of a liquid container is 
consumed and an oil level descends below in the wearing position of an actuator, a liquid does 
not exist in a cavity 162, or a liquid remains only in a cavity 162, and it will be in the state 
where a gas exists on the outside. An actuator 106 detects the difference of an acoustic 
impedance as it is [ originating in change of this state, and ] few. By it, an actuator 106 can 
detect whether it is in the state where the liquid is fully held in the liquid container, or it is in 
the state where a certain liquid more than fixed was consumed. Furthermore, an actuator 106 
can also detect the kind of liquid in a liquid container. 

[0090] The principle of the oil-level detection by the actuator is explained here. 
[0091] In order to detect change of the acoustic impedance of a medium, the impedance 
characteristic or admittance property of a medium is measured. A propagation circuit can be 
used when measuring an impedance characteristic or an admittance property. A propagation 
circuit impresses fixed voltage to a medium, and measures the current which changes 
frequency and flows to a medium. Or a propagation circuit supplies fixed current to a medium, 
and measures the voltage which changes frequency and is impressed to a medium. The current 
value or the voltage value charige measured by the propagation circuit shows change of an 
acoustic impedance. Moreover, change of the frequency fm from which stride serves as the 
minimum also shows [ current value or a voltage value ] change of an acoustic impedance very 
much. 

[0092] Apart from the above-mentioned method, an actuator can detect change of the acoustic 
impedance of a liquid using change of only resonance frequency. A piezoelectric device can be 
used when using the method of detecting resonance frequency by measuring the 
counter-electromotive force produced by the residual vibration which remains in the oscillating 
section, as a method of using change of the acoustic impedance of a liquid after the oscillating 
section of an actuator vibrates. A piezoelectric device is an element which generates 
counter-electromotive force by the residual vibration which remains in the oscillating section of 
an actuator, and the size of counter-electromotive force changes with the amplitude of the 
oscillating section of an actuator. Therefore, detection is a plain-gauze cone, so that the 
amplitude of the oscillating section of an actuator is large. Moreover, the period from which the 
size of counter-electromotive force changes with the frequency of the residual vibration in the 
oscillating section of an actuator changes. Therefore, the frequency of the oscillating section of 
an actuator is equivalent to the frequency of counter-electromotive force. Here, resonance 
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frequency says the frequency in the resonance state with the medium which touches the 
oscillating section and the oscillating section of an actuator. 

[0093] In order to obtain resonance frequency fs, the Fourier transform of the wave acquired by 
counter-electromotive-force measurement in case the oscillating section and a medium are the 
resonance state is carried out. Since vibration of an actuator is accompanied by various 
deformation, such as not deformation of only ** but a deflection, extension, etc., on the other 
hand, it has various frequency including resonance frequency fs. Therefore, the Fourier 
transform of the wave of counter-electromotive force in case a piezoelectric device and a 
medium are the resonance state is carried out, and resonance frequency fs is judged by 
specifying the most dominant frequency component. 

[0094] As for frequency fm, the admittance of stride of a medium is frequency in case an 
impedance is the minimum very much. If it is resonance frequency fs, frequency fm will 
produce few errors to resonance frequency fs by dielectric loss or a mechanical loss of a medium 
etc. However, as for deriving resonance frequency fs from the frequency fm surveyed, time and 
effort uses frequency fm for resonance frequency, replacing with generally for this reason. Here, 
an actuator 106 can detect an acoustic impedance at least in inputting the output of an 
actuator 106 into a propagation circuit. 

[0095] It is proved to be the method of measuring resonance frequency fs by experiment by 
measuring the method of measuring the impedance characteristic or admittance property of a 
medium, and measuring frequency fm, and the counter-electromotive force produced by 
residual vibration vibration in the oscillating section of an actuator that there is almost no 
difference in the resonance frequency which is alike and is therefore specified. 
[0096] The oscillating field of an actuator 106 is a portion which constitutes the cavity 162 
determined by opening 161 among diaphragms 176. When the liquid is fully held in the liquid 
container, in a cavity 162, a liquid is filled and an oscillating field contacts the liquid in a liquid 
container. On the other hand, when there is no enough liquid into a liquid container, an 
oscillating field does not contact a liquid in contact with the liquid which remained in the cavity 
in a liquid container, but contacts a gas or a vacuum. 

[0097] A cavity 162 is formed in the actuator 106 of this invention, and it can design so that the 
liquid in a liquid container may remain in the oscillating field of an actuator 106 by it. The 
reason is as follows. 

[0098] Although there is an oil level of the liquid in a liquid container depending on the 
installation position and the degree of setting angle to a liquid container of an actuator more 
below than the wearing position of an actuator, a liquid may adhere to the oscillating field of an 
actuator. When the actuator has detected the existence of a liquid only by the existence of the 
liquid in an oscillating field, the liquid adhering to the oscillating field of an actuator bars exact 
detection of the existence of a liquid, for example, the time of the state where there is an oil 
level more below than the wearing position of an actuator - both* way movement of carriage etc. 
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- a liquid container rocking - a liquid - a wave - inside, if a drop adheres to an oscillating 
field, an actuator will make a judgment which if liquids of enough are in a liquid container 
mistook Then, the malfunction of an actuator can be prevented, though a liquid container rocks 
and an oil level is choppy by preparing positively the cavity designed so that the existence of a 
liquid might be detected correctly, even if it is the case where a liquid is remained conversely 
there. Thus, a malfunction can be prevented by using the actuator which has a cavity. 
[0099] Moreover, as shown in drawing 21 (E), there is no liquid into a liquid container and let 
the case where the liquid in a liquid container remains in the cavity 162 of an actuator 106 be 
the threshold of the existence of a liquid. That is, there is no liquid around a cavity 162 and it 
judges that he has no ink when there are few liquids in a cavity than this threshold, a liquid is 
around a cavity 162, and when there are more liquids than this threshold, it is judged as those 
with ink. For example, when the side attachment wall of a liquid container is equipped with an 
actuator 106, the case where the liquid in a liquid container is below the wearing position of an 
actuator is judged to have no ink, and the case where the liquid in a liquid container is above 
the wearing position of an actuator is judged to be those with ink. Thus, even if it is a time of 
the ink in a cavity drying and ink being lost by setting up a threshold, it judges that he has no 
ink, and since a threshold is not exceeded even if ink adheres to a cavity again in the shake of 
carriage etc. at the place whose ink in a cavity was lost, it can be judged that he has no ink. 
[0100] Here, operation and the principle which detect the state of the liquid in a liquid 
container from the resonance frequency of the medium and the oscillating section of an 
actuator 106 by measurement of counter-electromotive force are explained, referring to 
drawing 20 and drawing 2 1 . In an actuator 106, voltage is impressed to the up electrode 164 
and the lower electrode 166 through the up electrode terminal 168 and the lower electrode 
terminal 170, respectively. Electric field arise into the portion pinched by the up electrode 164 
and the lower electrode 166 among the piezo-electric layers 160. The piezo-electric layer 160 
deforms by the electric field. When the piezo-electric layer 160 deforms, the oscillating field of 
the diaphragms 176 oscillates flexurally. After the piezo-electric layer 160 deforms y flexural 
oscillation remains in the oscillating section of an actuator 106 for the time being. 
[0101] Residual vibration is free oscillation with the oscillating section of an actuator 106, and 
a medium. Therefore, by making into pulse shape or a square wave voltage impressed to the 
piezo-electric layer 160, after impressing voltage, the resonance state of the oscillating section 
and a medium can be acquired easily. Residual vibration also deforms the piezo-electric layer 
160 in order to vibrate the oscillating section of an actuator 106. Therefore, the piezo-electric 
layer 160 generates counter-electromotive force. The counter-electromotive force is detected 
through the up electrode 164, the lower electrode 166, the up electrode terminal 168, and the 
lower electrode terminal 170. Since resonance frequency can be specified, the state of the liquid 
in a liquid container is detectable with the detected counter-electromotive force. 
[0102] Generally, it is resonance frequency fs. fs=l/(2*pi*(M*Cact) 1/2) (formula l) 
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It is come out and expressed. Here, M is the sum of the inertance Mact of the oscillating section, 
and addition inertance M\ Cact is the compliance of the oscillating section. 
[0103] Drawing 20 (C) is the cross section of the actuator 106 when ink does not remain in a 
cavity in this example. Drawing 21 (A) and drawing 21 (B) are the oscillating section of the 
actuator 106 when ink does not remain in a cavity, and the equal circuit of a cavity 162. 
[0104] Mact should ** the product of the thickness of the oscillating section, and the density of 
the oscillating section in the area of the oscillating section, and should show it further to a 
detail at drawing 21 (A). Mact=Mpzt+Melectrodel+Melectrode2+Mvib (formula 2) 
It is expressed. Here, Mpzt ** the product of the thickness of the piezo-electric layer 160 and 
the density of the piezo-electric layer 160 in the oscillating section in the area of the 
piezo-electric layer 160. Melectrodel ** the product of the thickness of the up electrode 164 and 
the density of the up electrode 164 in the oscillating section in the area of the up electrode 164. 
Melectrode2 ** the product of the thickness of the lower electrode 166 and the density of the 
lower electrode 166 in the oscillating section in the area of the lower electrode 166. Mvib ** the 
product of the thickness of a diaphragm 176 and the density of a diaphragm 176 in the 
oscillating section in the area of the oscillating field of a diaphragm 176. However, in this 
example, although each area of the oscillating field of the piezo-electric layer 160, the up 
electrode 164, the lower electrode 166, and a diaphragm 176 has the above size relations, a 
minute thing is desirable [ the difference of a mutual area ], so that Mact can be computed from 
the thickness, density, and area as the whole oscillating section. Moreover, as for portions other 
than the circular portion which are those principal parts, in this example, it is desirable in the 
piezo-electric layer 160, the up electrode 164, and the lower electrode 166 that it is so minute 
that it can ignore to the principal part. Therefore, in an actuator 106, Mact is the sum of each 
inertance of the oscillating field of the up electrode 164, the lower electrode 166, the 
piezo-electric layer 160, and the diaphragms 176. Moreover, compliance Cact is the compliance 
of the portion formed of the oscillating field of the up electrode 164, the lower electrode 166, the 
piezo-electric layer 160, and the diaphragms 176. 

[0105] In addition, although drawing 2 1 (A), drawing 21 (B), drawing 2 1 (D), and drawing 2 1 
(F) show the oscillating section of an actuator 106, and the equal circuit of a cavity 162, in these 
equal circuits, Cact shows the compliance of the oscillating section of an actuator 106. Cpzt, 
Celectrodel and Celectrode2, and Cvib show the compliance of the piezo-electric layer 160 in 
the oscillating section, the up electrode 164, the lower electrode 166, and a diaphragm 176, 
respectively. Cact is expressed with the following formulas 3. 
[0106] 

17Cact=(l-/Cpzt) +(1 -/Celectrodel) +(l7Celectrode2)+ (WCvib) (formula 3) 
From a formula 2 and a formula 3, drawing 21 (A) can also be expressed like drawing 2 1 (B). 
[0107] Compliance Cact expresses the volume which can receive a medium by deformation 
when putting a pressure on the unit area of the oscillating section. Moreover, although 
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compliance Cact expresses the ease of carrying out of deformation, it is good. 
[0108] A liquid is fully held in a liquid container and drawing 21 (C) shows the cross section of 
the actuator 106 in case the liquid is filled around the oscillating field of an actuator 106. A 
liquid is fully held in a liquid container and M'max of drawing 21 (C) expresses the maximum of 
an addition inertance in case the liquid is filled around the oscillating field of an actuator 106. 
M'max is [0109]. 

M'max=(pi*rho/(2*k3)) * (2*(2*k*a) 3/(3*pi))/(pi*a 2) 2 (formula 4) 

(a is [ the density of a medium and k of the radius of the oscillating section and rho ] the wave 
numbers.) 

[0110] It is come out and expressed. In addition, a formula 4 is materialized when the radius a 
of the oscillating field of an actuator 106 is circular. Addition inertance M' is an amount which 
shows that the mass of the oscillating section is increasing seemingly by operation of the 
medium near the oscillating section. As shown in a formula 4, M'max changes with the radius a 
of the oscillating section, and the densities rho of a medium a lot. 
[01 11] The wave number k is k=2* pi*fact/c. (formula 5) 

(fact is the resonance frequency of the oscillating section when the liquid is not touching.) c is 
the speed of the sound which spreads the inside of a medium. 
[0112] It is come out and expressed. 

[0113] A liquid is fully held in a liquid container and drawing 21 (D) shows the oscillating 
section of the actuator 106 in the case of being drawing 21 (C) with which the liquid is filled 
around the oscillating field of an actuator 106, and the equal circuit of a cavity 162. 
[0114] Although the liquid of a liquid container is consumed and drawing 21 (E) does not have a 
liquid around the oscillating field of an actuator 106, in the cavity 162 of an actuator 106, the 
cross section of the actuator 106 when the liquid remains is shown. A formula 4 is a formula 
showing the greatest inertance M'max determined from the density rho of ink etc., when the 
liquid is filled by the liquid container. It is [0115] when the liquid around the oscillating field of 
an actuator 106 becomes a gas or a vacuum on the other hand, the liquid in a liquid container 
having been consumed and a liquid remaining in a cavity 162. M'= rho*t/S (formula 6) 
It can express, t is the thickness of the medium in connection with vibration. S is the area of the 
oscillating field of an actuator 106. It is S=pi*a 2 when the radius a of this oscillating field is 
circular. Therefore, addition inertance M 1 follows a formula 4, when a liquid is fully held in a 
liquid container and the liquid is filled around the oscillating field of an actuator 106. On the 
other hand, a liquid is consumed, and a formula 6 is followed when the liquid around the 
oscillating field of an actuator 106 becomes a gas or a vacuum, a liquid remaining in a cavity 
162. 

[0116] Here, although the liquid of a liquid container is consumed and there is no liquid around 
the oscillating field of an actuator 106 like dra wing 21 (E), addition inertance M' when the 
liquid remains in the cavity 162 of an actuator 106 is made into M'cav for convenience, and it 
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distinguishes from addition inertance M'max in case the liquid is filled around the oscillating 
field of an actuator 106. 

[0117] Although the liquid of a liquid container is consumed and drawing 21 (F) does not have a 
liquid around the oscillating field of an actuator 106, in the cavity 162 of an actuator 106, the 
oscillating section of the actuator 106 in the case of being drawin g 21 (E) in which the liquid 
remains, and the equal circuit of a cavity 162 are shown. 

[0118] Here, the parameters related to the state of a medium are the density rho of a medium, 
and thickness [ of a medium ] t in a formula 6. When the liquid is fully held in the liquid 
container, a liquid contacts the oscillating section of an actuator 106, when the liquid is not 
fully held in the liquid container, a liquid remains inside a cavity or a gas or a vacuum contacts 
the oscillating section of an actuator 106. The surrounding liquid of an actuator 106 is 
consumed, if the addition inertance in the process which shifts to M'cav of drawing 21 (E) from 
M'max of drawing 21 (C) is set to M* var, since thickness t of a medium changes, addition 
inertance MVar will change and resonance frequency fs will also change with the hold states of 
the liquid in a liquid container. Therefore, the existence of the liquid in a liquid container is 
detectable by specifying resonance frequency fs. As shown in drawing 21 (E), when it considers 
as t=d here and M'cav is expressed using a formula 6, depth d of a cavity is substituted for t of a 
formula 6, and it is [0119]. M'cav=rho*d/S (formula 7) 
It becomes. 

[0120] Moreover, since density rho changes with differences in composition even if a medium is 
a liquid with which kinds differ mutually, addition inertance M f changes and resonance 
frequency fs also changes. Therefore, the kind of liquid is detectable by specifying resonance 
frequency fs. In addition, when either ink or air contacts and it is not intermingled in the 
oscillating section of an actuator 106, the difference of M' can be detected even if it calculates by 
the formula 4. 

[0121] Drawing 22 (A) is a graph which shows a relation with the resonance frequency fs of the 
amount of the ink in an ink tank, ink, and the oscillating section. Here, ink is explained as one 
example of a liquid. A vertical axis shows resonance frequency fs and a horizontal axis shows 
the amount of ink. When ink composition is fixed, resonance frequency fs goes up with the fall 
of an ink residue. 

[0122] When ink is fully held in an ink container and ink is filled around the oscillating field of 
an actuator 106, the maximum addition inertance M'max serves as a value expressed to a 
formula 4. On the other hand, ink is consumed, and when ink is not filled around the oscillating 
field of an actuator 106, a liquid remaining in a cavity 162, addition inertance MVar is 
computed by the formula 6 based on thickness t of a medium, t in a formula 6 can also detect 
process in which ink is gradually consumed by being small in d (referring to drawing 20 (B)) of 
the cavity 162 of an actuator 106, namely, making a substrate 178 thin enough since it is the 
thickness of the medium in connection with vibration (refer to drawing 21 (O). Here, tink 
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considers as the thickness of the ink in connection with vibration, and tink-max is taken as tink 
in M'max. For example, an actuator 106 is arranged almost horizontally to the oil level of ink 
on the base of an ink cartridge. If ink is consumed and the oil level of ink reaches below the 
height of tink-max from an actuator 106, MVar will change with formulas 6 gradually and 
resonance frequency fs will change with formulas 1 gradually. Therefore, as long as the oil level 
of ink is within the limits of t, an actuator 106 can detect the consumption state of ink 
gradually. 

[0123] Moreover, according to the position of the oil level by consumption of ink, S in a formula 
6 changes by making the oscillating field of an actuator 106 greatly or long, and arranging 
perpendicularly. Therefore, an actuator 106 can also detect process in which ink is consumed 
gradually. For example, an actuator 106 is mostly arranged to the oil level of ink on the side 
attachment wall of an ink cartridge at a perpendicular. If ink is consumed and the oil level of 
ink arrives at the oscillating field of an actuator 106, since addition inertance M' will decrease 
with the fall of water level, resonance frequency fs increases gradually by the formula 1. 
Therefore, as for an actuator 106, the oil level of ink can detect the consumption state of ink 
gradually, as long as it is within the limits of path 2a (refer to drawing 21 (C)) of a cavity 162. 
[0124] The curve X of drawing 22 (A) expresses the relation with the resonance frequency fs of 
the amount of the ink held in the ink tank the case where the cavity 162 of an actuator 106 is 
made shallow enough, and at the time of making the oscillating field of an actuator 106 greatly 
enough or long, ink, and the oscillating section. While the amount of the ink in an ink tank 
decreases, he can understand signs that the resonance frequency fs of ink and the oscillating 
section changes gradually. 

[0125] The case where process in which ink is consumed gradually is detectable in a detail is a 
case where both the liquids and gases from which density differs mutually exist, and it is 
concerned with vibration, in the circumference of the oscillating field of an actuator 106 more. 
While liquids decrease in number, a gas increases the medium on the circumference of an 
oscillating field of an actuator 106, and in connection with vibration, as ink is consumed 
gradually. For example, it is the case where an actuator 106 is horizontally arranged to the oil 
level of ink, and when tink is smaller than tink-max, the medium in connection with vibration 
of an actuator 106 contains both ink and a gas. Therefore, it is [0126] when the state where it 
became below M'max of a formula 4 when it was the area S of the oscillating field of an actuator 
106 is expressed with the additional mass of ink and a gas. 
M'=M , air+M l ink= rho air*tair/S+rho ink*tink/S (formula 8) 

It becomes. Here, M'air is the inertance of air and M'ink is the inertance of ink. rhoair is the 
density of air and rhoink is the density of ink. tair is the thickness of the air in connection with 
vibration, and tink is the thickness of the ink in connection with vibration. When the actuator 
106 is arranged almost horizontally to the oil level of ink as liquids decrease in number among 
the media in connection with the vibration in the circumference of an oscillating field of an 
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actuator 106 and a gas increases, tair increases and tink decreases. By it, MVar decreases 
gradually and resonance frequency increases gradually. Therefore, the amount of the ink which 
remains in an ink tank, or the consumption of ink is detectable. In addition, in a formula 7, it is 
the formula of only the density of a liquid because the case of being so small that the density of 
air being disregarded is assumed to the density of a liquid. 

[0127] When the actuator 106 is mostly arranged by the perpendicular to the oil level of ink, the 
medium in connection with the field of only ink and vibration of an actuator 106 in the medium 
in connection with vibration of an actuator 106 is considered to be a parallel equal circuit (not 
shown) with a gaseous field among the oscillating fields of an actuator 106. It is [0128], when 
the medium in connection with vibration of an actuator 106 sets area of the field of only ink to 
Sink and the medium in connection with vibration of an actuator 106 sets area of a gaseous 
field to Sair. 

l/M'=l/M , air+l/M , ink=Sair/(rhoair*tair) +Sink/(rhoink*tink) (formula 9) 
It becomes. 

[0129] In addition, a formula 9 is applied when ink is not held at the cavity of an actuator 106. 
About the case where ink is held at the cavity of an actuator 106, it is calculable with a formula 
7, a formula 8, and a formula 9. 

[0130] On the other hand, the oil level of ink will detect an upper position or a lower position 
from the wearing position of an actuator rather than a substrate 178 is thick, namely, depth d 
of a cavity 162 is deep, and it detects process in which ink decreases in number gradually in 
practice, when d uses an actuator with a very small oscillating field as compared with the case 
of being comparatively close to thickness tinkmax of a medium, and the height of a liquid 
container. When it puts in another way, the existence of the ink in the oscillating field of an 
actuator will be detected. For example, the curve Y of drawing 22 (A) shows a relation with the 
resonance frequency fs of the amount of the ink in the ink tank in the case of a small circular 
oscillating field, ink, and the oscillating section. Between the amounts Q of ink before and after 
the oil level of the ink in an ink tank passes through the wearing position of an actuator, signs 
that the resonance frequency fs of ink and the oscillating section is changing violently are 
shown. From this, it is detectable in an ink tank whether ink is carrying out specified quantity 
survival. 

[0131] Drawing 22 (B) shows a relation with the resonance frequency fs of the density of the ink 
in the curve Y of drawing 22 (A), ink, and the oscillating section. Ink is mentioned as an 
example of a liquid. Since an addition inertance will become large if ink density becomes high 
as shown in drawing 22 (B), resonance frequency fs falls. That is, resonance frequency fs 
changes with kinds of ink. Therefore, in case it is re-filled up with ink by measuring resonance 
frequency fs, it can check whether the ink in which densities differed is mixed. 
[0132] That is, the ink tank which holds the ink in which kinds differ mutually is discriminable. 
[0133] Then, even if the liquid in a liquid container is sky condition, the conditions which can 
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detect correctly the state of a liquid when setting up the size and the configuration of a cavity so 
that a liquid may remain in the cavity 162 of an actuator 106 are explained in full detail. If the 
state of a liquid can be detected when the liquid is filled in the cavity 162, an actuator 106 can 
detect the state of a liquid, even if it is the case where the liquid is not filled in the cavity 162. 
[0134] Resonance frequency fs is a function of Inertance M. Inertance M is the sum of the 
inertance Mact of the oscillating section, and addition inertance M\ Here, addition inertance M' 
is related to the state of a liquid. Addition inertance M' is an amount which shows that the 
mass of the oscillating section is increasing seemingly by operation of the medium near the 
oscillating section. That is, the increment of the mass of the oscillating section by absorbing a 
medium seemingly by vibration of the oscillating section is said. 

[0135] Therefore, when M'cav is larger than M'max in a formula 4, all the media absorbed 
seemingly are liquids which remain in a cavity 162. Therefore, it is the same as the state where 
the liquid is filled in the liquid container. In this case, since M' does not change, resonance 
frequency fs does not change, either. Therefore, an actuator 106 can detect the state of the 
liquid in a liquid container. 

[0136] On the other hand, when M'cav is smaller than M' max in a formula 4, the medium 
absorbed seemingly is the liquid which remains in a cavity 162 and a gas in a liquid container, 
or a vacuum. Since M' changes unlike the state where the liquid is filled in the liquid container 
at this time, resonance frequency fs changes. Therefore, an actuator 106 can detect the state of 
the liquid in a liquid container. 

[0137] That is, the liquid in a liquid container is sky condition, and when a liquid remains in 
the cavity 162 of an actuator 106, the conditions on which an actuator 106 can detect the state 
of a liquid correctly are that M'cav is smaller than M'max. In addition, condition M'max>M'cav 
to which an actuator 106 can detect the state of a liquid correctly is not concerned with the 
configuration of a cavity 162. 

[0138] Here, M'cav is the capacity of a cavity 162, and the mass of the liquid of an almost equal 
capacity. Therefore, an actuator 106 can express the conditions which can detect the state of a 
liquid correctly as conditions for the capacity of a cavity 162 from the inequality of 
M'max>M'cav. For example, it is [0139], when the radius of the opening 161 of the cavity 162 of 
a circle configuration is set to a and the depth of a cavity 162 is set to d. 
M'max>rho*d/pi a2 (formula 10) 

It comes out. It is [0140] when a formula 10 is developed. a/d>3*pi/8 (formula ll) 
The conditions to say are searched for. In addition, when the configuration of a cavity 162 is 
circular, a formula 10 and a formula 11 are restricted and are materialized. If pia2 in a formula 
10 is calculated by replacing it with the area using the formula of M'max when not being 
circular, the relation between dimensions, such as width of face of a cavity and length, and the 
depth can be drawn. 

[0141] Therefore, if it is the actuator 106 which has the cavity 162 which are the radius a of the 
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opening 161 which fills a formula 11, and depth [ of a cavity 162 ] d, even if the liquid in a liquid 
container is sky condition and it is the case where a liquid remains in a cavity 162, the state of 
a liquid can be detected, without incorrect-operating. 

[0142] It can be said that the method of measuring the counter-electromotive force generated in 
an actuator 106 by residual vibration has detected change of an acoustic impedance at least 
since addition inertance M' also influences an acoustic-impedance property. 
[0143] Moreover, according to this example, the counter-electromotive force which an actuator 
106 generates vibration and generates in an actuator 106 by subsequent residual vibration is 
measured. However, it is not necessarily required for the oscillating section of an actuator 106 
to give vibration to a liquid by its vibration by driver voltage. That is, even if the oscillating 
section does not oscillate itself, the piezo-electric layer 160 bends and deforms by vibrating with 
the liquid of a certain range in contact with it. This residual vibration makes the piezo-electric 
layer 160 generate counter-electromotive-force voltage, and transmits the 
counter-electromotive-force voltage to the up electrode 164 and the lower electrode 166. You 
may detect the state of a medium by using this phenomenon. For example, it may set to an 
ink-jet recording device, and the state of an ink tank or the ink of the interior may be detected 
using vibration around the oscillating section of the actuator generated by vibration by 
reciprocating movement of the carriage by the scan of the print head at the time of printing. 
[0144] Drawing 23 (A) And drawing 23 (B) shows the wave of the residual vibration of an 
actuator 106 after vibrating an actuator 106, and the measuring method of residual vibration, 
the ink in the wearing position level of the actuator 106 in an ink cartridge - the upper and 
lower sides of water level are detectable with frequency change of the residual vibration after 
an actuator 106 oscillates, and change of an amplitude Drawing 23 (A) And in drawing 23 (B), a 
vertical axis shows the voltage of the counter-electromotive force generated by the residual 
vibration of an actuator 106, and a horizontal axis shows time. By the residual vibration of an 
actuator 106, it is drawing 23 (A). And as shown in drawing- 23 (B), the wave of the analog 
signal of voltage occurs. Next, an analog signal is changed into the number value corresponding 
to the frequency of a signal. 

[0145] In the example shown in drawing 23 (A) and drawing 23 (B), the existence of ink is 
detected by measuring the time when four pulses to 8 pulse eye arise from 4 pulse eye of an 
analog signal. 

[0146] More, in a detail, after an actuator 106 oscillates, the number of times which crosses the 
predetermined reference voltage set up beforehand from a low-battery side to a high;voltage 
side is counted. The between from four counts to eight counts is set to High for a digital signal, 
and the time from four counts to eight counts is measured by the predetermined clock pulse. 
[0147] Drawing 23 (A) is a wave in case an ink oil level is in a high order rather than the 
wearing position level of an actuator 106. On the other hand, drawing 23 (B) is a wave in case 
there is no ink in the wearing position level of an actuator 106. When drawing 23 (A) is 
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compared with drawing 23 (B), in drawing 23 (A), a ******** understands the time from four 
counts to eight counts from drawing 23 (B). A paraphrase changes the time from four counts to 
eight counts by the existence of ink. The consumption state of ink is detectable using a 
difference of this time. After vibration of an actuator 106 is stabilized, it counts for beginning 
measurement from 4 count eye of an analog wave. What it was presupposed that it is from 4 
count eye is a mere example, and may count from arbitrary counts. Here, the signal from 4 
count eye to 8 count eye is detected, and the time from 4 count eye to 8 count eye is measured 
by the predetermined clock pulse. It asks for resonance frequency by it. As for a clock pulse, it is 
desirable that it is the pulse of a clock equal to the clock for controlling the semiconductor 
memory attached in an ink cartridge. In addition, there is no need of measuring the time to 8 
count eye, and it may be counted to arbitrary counts. In drawing 23 , although the time from 4 
count eye to 8 count eye is measured, according to the circuitry which detects frequency, you 
may detect the time in a different count interval. 

[0148] For example, when change of the amplitude of a peak is small, in order the quality of ink 
is stable, and to gather the speed of detection, you may ask for resonance frequency by 
detecting the time from 4 count eye to 6 count eye. Moreover, the quality of ink is unstable, and 
when change of a pulse amplitude is large, in order to detect residual vibration correctly, you 
may detect the time from 4 count eye to 12 count eye. 

[0149] Moreover, you may count the wave number of the voltage waveform of the 
counter-electromotive force within a predetermined period as other examples (not shown). It 
can ask for resonance frequency also by this method. More, in a detail, after an actuator 106 
oscillates, only a predetermined period sets a digital signal to High, and the number of times 
which crosses predetermined reference voltage from a low-battery side to a high-voltage side is 
counted. The existence of ink is detectable by measuring the number of counts. 
[0150] Furthermore, counter-electromotive-force wave amplitudes differ by the case where 
there are not a case where ink is filled in the ink cartridge, and ink into an ink cartridge so that 
drawing 23 (A) and drawing 23 (B) may be compared and understood. Therefore, you may 
detect the consumption state of the ink in an ink cartridge also by measuring a 
counter-electromotive -force wave amplitude, without asking for resonance frequency. It is the 
peak and drawing 23 (B) of a counter-electromotive-force wave of drawing 23 (A) more in detail. 
Reference voltage is set up between the peaks of a counter-electromotive-force wave. When a 
digital signal is set to High at a predetermined time and a counter-electromotive-force wave 
crosses reference voltage after the actuator 106 oscillated, it is judged that there is no ink. 
When a counter-electromotive -force wave does not cross reference voltage, it is judged that 
there is ink. 

[0151] Drawing 24 shows the manufacture method of an actuator 106. Two or more actuators 
106 (the example of drawing 24 four pieces) are formed in one. The actuator 106 shown in 
drawing 25 is manufactured by cutting the one moldings of two or more actuators shown in 
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drawing 24 in each actuator 106. When each piezoelectric device of two or more really shown 
[ in drawing 24 ] fabricated actuators 106 is circular, the actuator 106 shown in drawing 20 can 
be manufactured by really cutting a moldings in each actuator 106. By forming two or more 
actuators 106 in one, two or more actuators 106 can be manufactured efficiently 
simultaneously, and the handling at the time of conveyance becomes easy. 
[0152] an actuator 106 - sheet metal or a diaphragm 176, a substrate 178, an elastic-wave 
generating means or a piezoelectric device 174, and terminal formation - a member or the up 
electrode terminal 168, and terminal formation - it has a member or the lower electrode 
terminal 170 A piezoelectric device 174 contains a piezo-electric diaphragm or the piezo-electric 
layer 160, an upper electrode or the up electrode 164 and a lower electrode, or the lower 
electrode 166. A diaphragm 176 is formed in the upper surface of a substrate 178, and the lower 
electrode 166 is formed in the upper surface of a diaphragm 176. The piezo-electric layer 160 is 
formed in the upper surface of the lower electrode 166, and the up electrode 164 is formed in 
the upper surface of the piezo-electric layer 160. Therefore, of the principal part of the up 
electrode 164, and the principal part of the lower electrode 166, the principal part of the 
piezo-electric layer 160 is formed so that it may be inserted from the upper and lower sides. 
[0153] The piezoelectric device 174 of plurality (the example of drawing 24 four pieces) is 
formed on the diaphragm 176. The lower electrode 166 is formed in the front face of a 
diaphragm 176, the piezo-electric layer 160 is formed in the front face of the lower electrode 166, 
and the up electrode 164 is formed in the upper surface of the piezo-electric layer 160. The up 
electrode terminal 168 and the lower electrode terminal 170 are formed in the edge of the up 
electrode 164 and the lower electrode 166. Four actuators 106 are cut separately, respectively 
and are used individually. 

[0154] As for drawing 25 , a piezoelectric device shows some cross sections of the rectangular 
actuator 106. 

[0155] Drawing 26 shows the cross section of the whole actuator 106 shown in drawing 25 . 
Breakthrough 178a is formed in the piezoelectric device 174 of a substrate 178, and the field 
which counters. Breakthrough 178a is closed by the diaphragm 176. A diaphragm 176 is 
equipped with electric insulation, such as an alumina and an oxidization zirconia, and is 
formed of the material in which elastic deformation is possible. The piezoelectric device 174 is 
formed on the diaphragm 176 so that it may counter with breakthrough 178a. The lower 
electrode 166 is formed in the front face of a diaphragm 176 so that it may be prolonged from 
the field of breakthrough 178a to the left in ** and drawing 26 on the other hand. The up 
electrode 164 is formed in the front face of the piezo-electric layer 160 so that it may be 
prolonged in the method of the right in drawing 26 in the direction opposite to a lower electrode 
from the field of breakthrough 178a. The up electrode terminal 168 and the lower electrode 
terminal 170 are formed in the upper surface of an auxiliary electrode 172 and the lower 
electrode 166, respectively. The lower electrode terminal 170 contacts the lower electrode 166 
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electrically, and the up electrode terminal 168 contacts the up electrode 164 electrically 
through an auxiliary electrode 172, and it delivers the signal between a piezoelectric device and 
the exterior of an actuator 106. The up electrode terminal 168 and the lower electrode terminal 
170 have the height more than the height of the piezoelectric device which doubled the 
electrode and the piezo-electric layer. 

[0156] Drawing 27 shows the manufacture method of the actuator 106 shown in drawing 24 . 
First, a press or laser processing is used for a green sheet 940, and breakthrough 940a is 
punched. A green sheet 940 serves as a substrate 178 after baking. A green sheet 940 is formed 
with material, such as a ceramic. Next, the laminating of the green sheet 941 is carried out to 
the front face of a green sheet 940. A green sheet 941 serves as a diaphragm 176 after baking. A 
green sheet 941 is formed with material, such as an oxidization zirconia. Next, a conductive 
layer 942, the piezo-electric layer 160, and a conductive layer 944 are formed in the front face of 
a green sheet 941 one by one by methods, such as pressure-membrane printing. A conductive 
layer 942 serves as the lower electrode 166 behind, and a conductive layer 944 serves as the up 
electrode 164 behind. Next, the formed green sheet 940, a green sheet 941, a conductive layer 
942, the piezo-electric layer 160, and a conductive layer 944 are dried and calcinated, a spacer 
members 947 and 948 carry out bottom raising of the height of the up electrode terminal 168 
and the lower electrode terminal 170, and make it higher than a piezoelectric device a spacer - 
members 947 and 948 carry out the laminating of printing or the green sheet, and form green 
sheets 940 and 941 and this material this spacer - since there is little material of the up 
electrode terminal 168 which is noble metals, and the lower electrode terminal 170, and it ends 
upwards by the member 947,948 and thickness of the up electrode terminal 168 and the lower 
electrode terminal 170 can be made thin, the up electrode terminal 168 and the lower electrode 
terminal 170 can be printed with a sufficient precision, and it can consider as the height 
stabilized further 

[0157] the time of formation of a conductive layer 942 - connection 944' with a conductive layer 
944, and a spacer - if members 947 and 948 are formed simultaneously, the up electrode 
terminal 168 and the lower electrode terminal 170 can be formed easily, or it can fix firmly 
Finally, the up electrode terminal 168 and the lower electrode terminal 170 are formed in the 
edge field of a conductive layer 942 and a conductive layer 944. In case the up electrode 
terminal 168 and the lower electrode terminal 170 are formed, the up electrode terminal 168 
and the lower electrode terminal 170 form so that it may connect with the piezo-electric layer 
160 electrically. 

[0158] Drawing 28 shows the operation gestalt of further others of the ink cartridge to which 
this invention is applied. Drawling 28 (A) is the cross section of the pars basilaris ossis 
occipitalis of the ink cartridge by this operation gestalt. The ink cartridge of this operation 
gestalt has breakthrough lc in base la of a container 1 which holds ink. The pars basilaris ossis 
occipitalis of breakthrough lc is closed by the actuator 650, and forms an ink reservoir. 
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[0159] Drawing 28 (B) shows the actuator 650 shown in drawine 28 (A), and the detailed cross 
section of breakthrough 1c. Drawing 28 (C) shows the flat surface of the actuator 650 shown in 
drawing 28 (B), and breakthrough lc. An actuator 650 has the piezoelectric device 73 fixed to 
the diaphragm 72 and the diaphragm 72. An actuator 650 is fixed to the base of a container 1 so 
that a piezoelectric device 73 may counter breakthrough lc through a diaphragm 72 and a 
substrate 71. Elastic deformation is possible for a diaphragm 72, and it is equipped with 
inkproof nature . 

[0160] Depending on the amount of ink of a container 1, the amplitude and frequency of 
counter-electromotive force which are generated by the residual vibration of a piezoelectric 
device 73 and a diaphragm 72 change. Breakthrough lc is formed in the position which 
counters an actuator 650, and the ink of the minimum constant rate is secured to breakthrough 
lc. Therefore, the ink end of a container 1 is certainly detectable by measuring beforehand the 
property of vibration of the actuator 650 decided by the amount of ink secured to breakthrough 

lc. 

[0161] Drawing 29 shows other operation gestalten of breakthrough lc. In each of drawing 29 
(A), (B), and (C), the state where the chart on the left does not have Ink K in breakthrough lc is 
shown, and right-hand side drawing shows the state where Ink K remained in breakthrough lc. 
In the operation gestalt of drawing 28 , the side of breakthrough lc is formed as a 
perpendicular wall. In drawing 29 (A), Id of sides of breakthrough lc is slanting in the vertical 
direction, and it is expanded and opened outside. In drawing 29 (B), the level difference 
sections le and If are formed in the side of breakthrough lc. If of level difference sections 
which are up is larger than level difference section le which exists caudad. In drawing 29 (C), 
breakthrough lc has Ig of slots prolonged in the direction of the ink feed hopper 2 which is easy 
to discharge Ink K, i.e., the direction. 

[0162] Drawing 29 (A) According to the configuration of breakthrough lc shown in - (C), the 
amount of the ink K of an ink reservoir can be lessened. Therefore, since the oscillation 
characteristic of the ink and the actuator 650 at the time since M'cav explained by drawing 20 
and drawing 21 can be made small as compared with M'max can be greatly changed with the 
case where the ink K of the amount which can be printed in a container 1 remains, an ink end 
can be detected more certainly. 

[0163] Drawing 30 is the perspective diagram showing other operation gestalten of an actuator. 
An actuator 660 has packing 76 outside breakthrough lc of the substrate which constitutes an 
actuator 660, or the attachment plate 78. the periphery of an actuator 660 - caulking - the 
hole 77 is formed an actuator 660 - caulking - it is fixed to a container 1 with caulking through 
a hole 77 

[0164] Drawing 3 1 (A) and (B) are the perspective diagrams showing the operation gestalt of 
further others of an actuator. An actuator 670 is equipped with the crevice formation substrate 
80 and a piezoelectric device 82 in this operation gestalt. A crevice 81 is formed in one field of 
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the crevice formation substrate 80 of technique, such as etching, and a piezoelectric device 82 is 
attached in the field of another side. The pars basilaris ossis occipitalis of a crevice 81 acts as 
an oscillating field among the crevice formation substrates 80. Therefore, the oscillating field of 
an actuator 670 is specified by the periphery of a crevice 81. Moreover, an actuator 670 is . 
similar with the structure where the substrate 178 and the diaphragm 176 were formed as one 
among the actuators 106 by the example of drawing 20 . Therefore, in case an ink cartridge is 
manufactured, a manufacturing process can be shortened, and cost is reduced. An actuator 670 
is size in which embedding is possible to breakthrough lc prepared in the container 1. By it, a 
crevice 81 can act also as a cavity. In addition, like the actuator 670 by the example of drawing 
31 , you may form the actuator 106 by the example of drawing 20 in breakthrough lc so that 
embedding may be possible. 

[0165] Drawing 32 is the perspective diagram showing the composition which attached the 
actuator 106 and was really formed as a module object 100. The predetermined part of the 
container 1 of an ink cartridge is equipped with the module object 100. By [ in ink liquid ] 
detecting change of an acoustic impedance at least, the module object 100 is constituted so that 
the consumption state of the liquid in a container 1 may be detected. The module object 100 of 
this operation gestalt has the liquid-container attachment section 101 for attaching an actuator 
106 in a container 1. The liquid-container attachment section 101 has structure with which the 
flat surface carried the pillar section 116 which held the actuator 106 oscillated by the driving 
signal on the rectangular pedestal 102 mostly. Since it is constituted so that the actuator 106 of 
the module object 100 cannot contact from the outside when an ink cartridge is equipped with 
the module object 100, an actuator 106 can be protected from external contact. In addition, the 
radius of circle is attached, and in case the hole formed in the ink cartridge is equipped, it is 
easy to insert in the nose-of-cam side edge of the pillar section 116. 

[0166] Drawing 33 is the exploded view showing the composition of the module object 100 
shown in drawing 32 . The module object 100 contains the liquid-container attachment section 
101 which consists of a resin, and the piezo-electric equipment wearing section 105 which has a 
plate 110 and a crevice 113. Furthermore, the module object 100 has reed wires 104a and 104b, 
an actuator 106, and a film 108. Preferably, a plate 110 is formed from the material which 
cannot rust [ stainless alloy / stainless steel or ] easily. Opening 114 is formed in a core so that 
the pillar section 116 and the pedestal 102 which are contained in the liquid-container 
attachment section 101 can hold reed wires 104a and 104b, and a crevice 113 is formed so that 
an actuator 106, a film 108, and a plate 110 can be held. An actuator 106 is joined to a plate 110 
through a film 108, and a plate 110 and an actuator 106 are fixed to the liquid-container 
attachment section 101. Therefore, reed wires 104a and 104b, an actuator 106, a film 108, and 
a plate 110 are attached in the liquid-container attachment section 101 as one. Reed wires 104a 
and 104b combine with the up electrode of an actuator 106, and a lower electrode, respectively, 
transmit a driving signal to a piezo-electric layer, and, on the other hand, transmit the signal of 
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the resonance frequency which the actuator 106 detected to a recording device etc. An actuator 
106 is temporarily oscillated based on the driving signal transmitted from reed wires 104a and 
104b. Residual vibration of the actuator 106 is carried out after an oscillation, and it generates 
counter-electromotive force by the vibration. At this time, the resonance frequency 
corresponding to the consumption state of the liquid in a liquid container is detectable by 
detecting the oscillation period of a counter-electromotive -force wave, a film 108 ■■ an actuator 
106 and a plate 110 - pasting up - an actuator - liquid it is made dense As for a film 108, it 
is desirable to form by the polyolefine etc. and to paste up by heat weld. 

[0167] A plate 110 is a circle configuration and the opening 114 of a pedestal 102 is formed in 
the shape of a cylinder. The actuator 106 and the film 108 are formed in the shape of a 
rectangle. A reed wire 104, an actuator 106, a film 108, and a plate 110 are good also as 
removable to a pedestal 102. A pedestal 102, the reed wire 104, the actuator 106, the film 108, 
and the plate 110 are symmetrically arranged to the medial axis of the module object 100. 
Furthermore, the center of a pedestal 102, an actuator 106, a film 108, and a plate 110 is 
arranged on the simultaneously medial axis of the module object 100. 

[0168] The area of the opening 114 of a pedestal 102 is formed more greatly than the area of the 
oscillating field of an actuator 106. The breakthrough 112 is formed in the position which faces 
the oscillating section of an actuator 106 at the center of a plate 110. As shown in drawing 20 
and drawing 21 , a cavity 162 is formed in an actuator 106, and both a breakthrough 112 and 
the cavity 162 form an ink reservoir. The thickness of a plate 110 has a small desirable thing 
compared with the path of a breakthrough 112, in order to lessen influence of remains ink. For 
example, as for the depth of a breakthrough 112, it is desirable that it is 1/3 or less size of the 
path. A breakthrough 112 is the configuration of a symmetrical simultaneously perfect circle to 
the medial axis of the module object 100. Moreover, the area of a breakthrough 112 is larger 
than the effective-area product of the cavity 162 of an actuator 106. The periphery of the cross 
section of a breakthrough 112 may be a taper configuration, and a step configuration is 
sufficient as it. The flank of a container 1, the upper part, or a bottom is equipped with the 
module object 100 so that a breakthrough 112 may turn to the inside of a container 1. if ink is 
consumed and the ink of the actuator 106 circumference is lost, since the resonance frequency 
of an actuator 106 will change a lot - the water level of ink - change is detectable 
[0169] Drawing 34 is the perspective diagram showing other operation forms of a module object. 
As for the module object 400 of this operation form, the piezo-electric equipment wearing 
section 405 is formed in the liquid-container attachment section 401. As for the liquid-container 
attachment section 401, the pillar-like pillar section 403 is mostly formed for the flat surface on 
the pedestal 402 on Kakumaru's square. Furthermore, the piezo-electric equipment wearing 
section 405 includes the tabular element 406 and crevice 413 which were stood on the pillar 
section 403. An actuator 106 is arranged in the crevice 413 established in the side of the tabular 
element 406. In addition, the nose of cam of the tabular element 406 is beveled by the 



36 



predetermined angle, and in case the hole formed in the ink cartridge is equipped, it is easy to 
insert it in. 

[0170] Drawing 35 is the decomposition perspective diagram showing the composition of the 
module object 400 shown in drawing 34 . The module object 400 as well as the module object 
100 shown in drawing 32 contains the liquid-container attachment section 401 and the 
piezo-electric equipment applied part 405. The liquid-container attachment section 401 has a 
pedestal 402 and the pillar section 403, and the piezo-electric equipment applied part 405 has 
the tabular element 406 and a crevice 413. It is joined to a plate 410 and an actuator 106 is 
fixed to a crevice 413. The module object 400 has further reed wires 404a and 404b, an actuator 
106, and a film 408. 

[0171] According to this operation form, a plate 410 is a rectangle-like and the opening 414 
prepared in the tabular element 406 is formed in the shape of a rectangle. You may constitute 
reed wires 404a and 404b, an actuator 106, a film 408, and a plate 410 as removable to a 
pedestal 402. An actuator 106, a film 408, and a plate 410 pass along the center of opening 414, 
and are symmetrically arranged to the medial axis prolonged in the perpendicular direction to 
the flat surface of opening 414. Furthermore, the center of an actuator 406, a film 408, and a 
plate 410 is arranged on the simultaneously medial axis of opening 414. 

[0172] The area of the breakthrough 412 prepared in the center of a plate 410 is formed more 
greatly than the area of opening of the cavity 162 of an actuator 106. Both the cavities 162 and 
breakthroughs 412 of an actuator 106 form an ink reservoir. The thickness of a plate 410 is 
small compared with the path of a breakthrough 412, for example, it is desirable to set it as 1/3 
or less size of the path of a breakthrough 412. A breakthrough 412 is the configuration of a 
symmetrical simultaneously perfect circle to the medial axis of the module object 400. The 
periphery of the cross section of a breakthrough 412 may be a taper configuration, and a step 
configuration is sufficient as it. The bottom of a container 1 can be equipped with the module 
object 400 so that a breakthrough 412 may be arranged inside a container 1. Since it is 
arranged in a container 1 so that an actuator 106 may be prolonged perpendicularly, a setup at 
the time of an ink end is easily changeable by changing the height which changes the height of 
a pedestal 402 and by which an actuator 106 is arranged in a container 1. 

[0173] Drawing 36 shows the operation gestalt of further others of a module object. The module 
object 500 of drawing 36 as well as the module object 100 shown in drawing 32 contains the 
liquid-container attachment section 501 which has a pedestal 502 and the pillar section 503. 
Moreover, the module object 500 has further reed wires 504a and 504b, an actuator 106, a film 
508, and a plate 510. Opening 514 is formed in a core so that the pedestal 502 contained in the 
liquid-container attachment section 501 can hold reed wires 504a and 504b, and a crevice 513 
is formed so that an actuator 106, a film 508, and a plate 510 can be held. An actuator 106 is 
fixed to the piezo-electric equipment applied part 505 through a plate 510. Therefore, reed 
wires 504a and 504b, an actuator 106, a film 508, and a plate 510 are attached in the 
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liquid-container attachment section 501 as one. As for the module object 500 of this operation 
gestalt, the pillar section 503 with the upper surface slanting in the vertical direction is mostly 
formed for the flat surface on the pedestal on Kakumaru's square. The actuator 106 is arranged 
on the crevice 513 aslant prepared in the vertical direction of the upper surface of the pillar 
section 503. 

[0174] The nose of cam of the module object 500 inclines, and the inclined plane is equipped 
with the actuator 106. Therefore, if the pars basilaris ossis occipitalis or flank of a container 1 
is equipped with the module object 500, an actuator 106 inclines to the vertical direction of a 
container 1. As for the degree of tilt angle at the nose of cam of the module object 500, it is 
desirable to consider as for about 30 to 60 degrees in view of detectability ability. 
[0175] The pars basilaris ossis occipitalis or flank of a container 1 is equipped with the module 
object 500 so that an actuator 106 may be arranged in a container 1. When the flank of a 
container 1 is equipped with the module object 500, it is attached in a container 1, an actuator 
106 inclining so that a container 1 top, bottom, or width side may be turned to. It is desirable 
that it is attached in a container 1 on the other hand, an actuator 106 inclining so that the ink 
feed-hopper side of a container 1 may be turned to when the pars basilaris ossis occipitalis of a 
container 1 is equipped with the module object 500. 

[0176] Drawing 37 is a cross section near the pars basilaris ossis occipitalis of the ink container 
when equipping a container 1 with the module object 100 shown in drawing 32 . It is equipped 
with the module object 100 so that the side attachment wall of a container 1 may be penetrated. 

0 ring 365 is formed in the plane of composition of the side attachment wall of a container 1, ; 
and the module object 100, and **** of the module object 100 and a container 1 is maintained at 
it. It is desirable to have the pillar section which the module object 100 explained that a seal is 
made with an O ring by drawing 32 . By the nose of cam of the module object 100 being inserted 
in the interior of a container 1, the ink in a container 1 contacts an actuator 106 through the 
breakthrough 112 of a plate 110. Since the resonance frequency of the residual vibration of an 
actuator 106 changes with a liquid or gases, the circumference of the oscillating section of an 
actuator 106 can detect the consumption state of ink using the module object 100. Moreover, a 
container 1 may be equipped with the module object 400 shown not only in the module object 
100 but in drawing 34 , the module object 500 shown in drawing 36 or the module objects 700A 
and 700B which were shown in drawing 38 , and the mould structure 600, and the existence of 
ink may be detected. 

[0177] Drawing 38 (A) shows the cross section of the ink container when equipping a container 

1 with module object 700B. In this example, module object 700B is used as one of the 
attachment structures. The container 1 is equipped with module object 700B as the 
liquid-container attachment section 360 projects inside a container 1. A breakthrough 370 is 
formed in the attachment plate 350, and the oscillating section of a breakthrough 370 and an 
actuator 106 faces. Furthermore, a hole 382 is formed in the bottom wall of module object 700B, 
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and the piezcrelectric equipment applied part 363 is formed. As an actuator 106 closes one side 
of a hole 382, it is arranged. Therefore, ink contacts a diaphragm 176 through the hole 382 of 
the piezo-electric equipment applied part 363, and the breakthrough 370 of the attachment 
plate 350. Both the hole 382 of the piezo-electric equipment applied part 363 and the 
breakthrough 370 of the attachment plate 350 form an ink reservoir. The piezo-electric 
equipment applied part 363 and the actuator 106 are being fixed by the attachment plate 350 
and the film member. The sealing structure 372 is formed in the connection of the 
liquid-container attachment section 360 and a container 1. The sealing structure 372 may be 
formed of reversible material, such as synthetic resin, and may be formed by the O ring, 
although module object 700B of drawing 38 (A) and a container 1 are another objects '-- drawing 
38 (B) the piezo-electric equipment applied part of module object 700B may consist of some 
containers 1 like 

[0178] Module object 700B of drawing 38 (A) becomes unnecessary [ the embedding to the 
module object of a reed wire shown in drawing 36 from drawing 32 ]. Therefore, a forming cycle 
is simplified. Furthermore, it becomes exchangeable [ module object 700B ], and becomes 
recyclable. 

[0179] In case an ink cartridge shakes, an actuator 106 may incorrect-operate because the ink 
which ink adhered to the upper surface or the side of a container 1, and has hung down from 
the upper surface or the side of a container 1 contacts an actuator 106. However, since the 
liquid-container attachment section 360 has projected module object 700B inside the container 
1, an actuator 106 does not incorrect-operate in the ink which has hung down from the upper 
surface and the side of a container 1. 

[0180] Moreover, in the example of drawing 38 (A), a container 1 is equipped with some of 
diaphragms 176 and attachment plates 350 so that the ink in a container 1 may be contacted. 
In the example of drawing 38 (A), the embedding to the module object of the electrode of reed 
wires 104a, 104b, 404a, 404b, 504a, and 504b shown in drawing 36 from drawing 32 becomes 
unnecessary. Therefore, a forming cycle is simplified. Furthermore, it becomes exchangeable 
[ an actuator 106 ] and becomes recyclable. 

[0181] Drawing 38 (B) shows the cross section of an ink container as an example when 
equipping a container 1 with an actuator 106. the ink cartridge by the example of drawing 38 
(B) protection - the member 361 is attached in the container 1 as another object in the 
actuator 106 therefore, protection - although the member 361 and the actuator 106 are not 
united as modules " one side it is protection - a member 361 can be protected so that a 
user's hand cannot be touched at an actuator 106 The hole 380 prepared in the front face of an 
actuator 106 is arranged by the side attachment wall of a container 1. An actuator 106 contains 
the piezo-electric layer 160, the up electrode 164, the lower electrode 166, a diaphragm 176, and 
the attachment plate 350. A diaphragm 176 is formed in the upper surface of the attachment 
plate 350, and the lower electrode 166 is formed in the upper surface of a diaphragm 176. The 
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piezo-electric layer 160 is formed in the upper surface of the lower electrode 166, and the up 
electrode 164 is formed in the upper surface of the piezo-electric layer 160. Therefore, the 
principal part of the piezo-electric layer 160 is formed so that it may be inserted by the 
principal part of the up electrode 164, and the principal part of the lower electrode 166 from the 
upper and lower sides. The circular portion which is each principal part of the piezo-electric 
layer 160, the up electrode 164, and the lower electrode 166 forms a piezoelectric device. A 
piezoelectric device is formed on a diaphragm 176. A piezoelectric device and the oscillating 
field of a diaphragm 176 are the oscillating sections in which an actuator actually vibrates. The 
breakthrough 370 is formed in the attachment plate 350. Furthermore, the hole 380 is formed 
in the side attachment wall of a container 1. Therefore, ink contacts a diaphragm 176 through 
the hole 380 of a container 1, and the breakthrough 370 of the attachment plate 350. Both the 
hole 380 of a container 1 and the breakthrough 370 of the attachment plate 350 form an ink 
reservoir, moreover - the example of drawing 38 (B) - an actuator 106 - protection - since it is 
protected by the member 361, an actuator 106 can be protected from contact outside 
[0182] In addition, it may replace with drawing 38 (A) and the attachment plate 350 in the 
example of (B), and the substrate 178 of drawing 20 may be used. 

[0183] Drawing 38 (C) shows an operation gestalt equipped with the mould structure 600 
containing an actuator 106. In this example, the mould structure 600 is used as one of the 
attachment structures. The mould structure 600 has an actuator 106 and the mould section 364. 
An actuator 106 and the mould section 364 are fabricated by one. The mould section 364 is 
fabricated by reversible material, such as silicon resin. The mould section 364 has a reed wire 
362 inside. The mould section 364 is formed so that it may have two legs prolonged from an 
actuator 106. the mould section 364 - the mould section 364 and a container 1 - liquid - since 
it fixes densely, the edge of two legs of the mould section 364 is formed in the shape of a 
semi-sphere A container 1 is equipped with the mould section 364 so that an actuator 106 may 
project inside a container 1, and the oscillating section of an actuator 106 contacts the ink in a 
container 1. The up electrode 164, the piezo-electric layer 160, and the lower electrode 166 of an 
actuator 106 are protected from ink by the mould section 364. 

[0184] Since the mould structure 600 of drawing 38 (C) has the unnecessary sealing structure 
372 between the mould section 364 and a container 1, ink cannot leak from a container 1 easily. 
Moreover, by the mould structure 600 projecting and bending from the exterior of a container 1, 
since it is a form, an actuator 106 can be protected from contact outside. In case an ink 
cartridge shakes, an actuator 106 may incorrect-operate because the ink which ink was 
attached to the upper surface or the side of a container 1, and has hung down from the upper 
surface or the side of a container 1 contacts an actuator 106. Since the mould section 364 has 
projected the mould structure 600 inside the container 1, an actuator 106 does not 
incorrect-operate in the ink which has hung down from the upper surface and the side of a 
container 1. 
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[0185] Drawing 39 shows the operation gestalt of the ink cartridge using the actuator 106 
shown in drawing 20 , and an ink-jet recording device. The ink-jet recording device which has 
two or more ink induction 182 and electrode holders 184 corresponding to each ink cartridge 
180 is equipped with two or more ink cartridges 180. Two or more ink cartridges 180 hold the 
ink of a kind different, respectively, for example, a color. Each base of two or more ink 
cartridges 180 is equipped with the actuator 106 which is a means to detect an acoustic 
impedance at least. By equipping an ink cartridge 180 with an actuator 106, the ink residue in 
an ink cartridge 180 is detectable. 

[0186] Drawing 40 shows the detail of the head section circumference of an ink-jet recording 
device. An ink-jet recording device has the ink induction 182, an electrode holder 184, the head 
plate 186, and a nozzle plate 188. Two or more nozzles 190 which inject ink are formed in the 
nozzle plate 188. The ink induction 182 has the air supply mouth 181 and the ink inlet 183. The 
air supply mouth 181 supplies air to an ink cartridge 180. The ink inlet 183 introduces ink from 
an ink cartridge 180. An ink cartridge 180 has the air inlet 185 and the ink feed hopper 187. 
The air inlet 185 introduces air from the air supply mouth 181 of the ink induction 182. The ink 
feed hopper 187 supplies ink to the ink inlet 183 of the ink induction 182. When an ink 
cartridge 180 introduces air from the ink induction 182, supply of the ink from the ink cartridge 
180 to the ink induction 182 is urged. An electrode holder 184 opens for free passage the ink 
supplied through the ink induction 182 from the ink cartridge 180 on the head plate 186. 
[0187] Drawing 41 shows other operation gestalten of an ink cartridge 180 shown in drawing 
40 . Base 194a by which ink cartridge 180A of drawing 41 (A) was aslant formed in the vertical 
direction is equipped with the actuator 106. Inside the ink container 194 of an ink cartridge 180, 
the breaking-the-water wall 192 is formed in the actuator 106 of predetermined height, and the 
faced position from the internal base of the ink container 194. Since it is aslant equipped with 
the actuator 106 to the vertical direction of the ink container 194, it becomes the ****** fitness 
of ink. 

[0188] The gap filled with ink is formed between an actuator 106 and the breaking-the-water 
wall 192. Moreover, the interval of the breaking-the-water wall 192 and an actuator 106 is 
vacated for the grade by which ink is not held according to the vas-capillare force. When the ink 
container 194 rolls, the wave of ink occurs in the ink container 194 interior by rolling, a gas and 
a foam are detected by the shock with an actuator 106, and an actuator 106 may 
incorrect-operate by it. By establishing the breaking-the-water wall 192, the wave of the ink of 
the actuator 106 neighborhood can be prevented and the incorrect operation of an actuator 106 
can be prevented. 

[0189] It is equipped with the actuator 106 of ink cartridge 180B of drawing 41 (B) on the side 
attachment wall of the feed hopper of the ink container 194. As long as it is near the ink feed 
hopper 187, the side attachment wall or base of the ink container 194 may be equipped with an 
actuator 106. Moreover, as for an actuator 106, it is desirable that the center of the cross 

41 



direction of the ink container 194 is equipped. Since ink passes the ink feed hopper 187 and is 
supplied outside, ink and an actuator 106 contact certainly to an ink near end time by forming 
an actuator 106 near the ink feed hopper 187. Therefore, an actuator 106 can detect the time of 
an ink near end certainly. 

[0190] Furthermore, by forming an actuator 106 near the ink feed hopper 187, in case the 
cartridge electrode holder on carriage is equipped with an ink container, positioning with the 
actuator 106 on an ink container and the contact on carriage becomes certain. In connection on 
an ink container and carriage, the positive combination with an ink feed hopper and a supply 
needle is the most important for the reason. It is because its nose of cam of a supply needle is 
hurt, or a damage will be given to sealing structures, such as an O ring, and ink will begin to 
leak, if there is a gap. In order to prevent such a trouble, the ink jet printer usually has the 
special structure which can do exact alignment, when mounting an ink container on carriage. 
Therefore, by arranging an actuator near the feed hopper, the alignment of an actuator also 
becomes a positive thing simultaneously. Furthermore, alignment can be more certainly carried 
out by equipping the center of the cross direction of the ink container 194 with an actuator 106. 
It is because there are few the shakes when an ink container carries out axial rocking a center 
[ a crosswise center line ] at the time of wearing to a electrode holder. 

[0191] Drawing 42 shows the operation gestalt of further others of an ink cartridge 180. The 
cross section to which side-attachment-wall 194b of ink cartridge 180C which showed drawing 
42 (A) in the cross section of ink cartridge 180C, and showed drawing 42 (B) to drawing 42 (A) 
was expanded, and drawing 42 (C) are the perspective drawing from the transverse plane. Ink 
cartridge 180C is formed on the circuit board 610 with same semiconductor storage means 7 
and actuator 106. As shown in drawing 42 (B) and (C), the semiconductor storage means 7 is 
formed above the circuit board 610, and the actuator 106 is formed under the semiconductor 
storage means 7 in the same circuit board 610. Side-attachment-wall 194b is equipped with 
variant O ring 614 so that the circumference of an actuator 106 may be surrounded. Two or 
more caulking sections 616 for joining the circuit board 610 to the ink container 194 are formed 
in side-attachment-wall 194b. while the oscillating field of an actuator 106 can be made to 
perform contacting ink by joining the circuit board 610 to the ink container 194, and forcing 
variant O ring 614 on the circuit board 610 by the caulking section 616 " the exterior and the 
interior of an ink cartridge - liquid - it is kept dense 

[0192] The terminal 612 is formed in the semiconductor storage means 7 and semiconductor 
storage means 7 neighborhood. A terminal 612 delivers the signal between the semiconductor 
storage means 7 and the exteriors, such as ink-jet storage. The semiconductor storage means 7 
may be constituted by the rewritable semiconductor memory of EEPROM etc. On the same 
circuit board 610, since it is, the semiconductor storage means 7 and an actuator 106 end like 1 
time of a shipfitter, formation, now in case an actuator 106 and the semiconductor storage 
means 7 are attached in ink cartridge 180C. Moreover, the routing at the time of manufacture 
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of ink cartridge 180C and recycling is simplified. Furthermore, since the mark of parts are cut 
down, the manufacturing cost of ink cartridge 180C can be reduced. 

[0193] An actuator 106 detects the consumption state of the ink in the ink container 194. The 
semiconductor storage means 7 stores the information on ink, such as an ink residue which the 
actuator 106 detected. That is, the semiconductor storage means 7 stores the information about 
property parameters, such as the property of the ink used in case it detects, and an ink 
cartridge. The semiconductor storage means 7 stores resonance frequency when the ink within 
the time 194 of an end, i.e., an ink container, is consumed as one of the property parameters, 
when the ink in the ink container 194 is full beforehand (i.e., when ink is filled in the ink 
container 194). The ink in the ink container 194 may be stored when, as for the resonance 
frequency of full or an end state, an ink-jet recording device is equipped with an ink container 
for the first time. Moreover, as for the resonance frequency of full or an end state, the ink in the 
ink container 194 may be stored during manufacture of the ink container 194. Resonance 
frequency in case the ink in the ink container 194 is full or an end beforehand is stored in the 
semiconductor storage means 7, and since dispersion at the time of detecting an ink residue by 
reading the data of resonance frequency by the ink-jet recording device side can be amended, it 
is correctly detectable that the ink residue decreased to the reference value. 
[0194] Drawing 43 shows the operation gestalt of further others of an ink cartridge 180. Ink 
cartridge 180D shown in drawing 43 (A) equips side-attachment-wall 194b of the ink container 
194 with two or more actuators 106. It is desirable to use two or more really fabricated 
actuators 106 which were shown in drawing 24 as an actuator 106 of these plurality. Two or 
more actuators 106 set an interval in the vertical direction, and are arranged at 
side-attachment-wall 194b. By setting two or more actuators 106 in the vertical direction, and 
arranging an interval for them in it at side-attachment-wall 194b, an ink residue is gradually 
detectable. 

[0195] Ink cartridge 180E shown in drawing 43 (B) equips side -attachment- wall 194b of the ink 
container 194 with the actuator 606 long in the vertical direction. Change of the ink residue in 
the ink container 194 is continuously detectable in the vertical direction with the long actuator 
606. As for the length of an actuator 606, it is desirable to have the length more than the half of 
height in side-attachment-wall 194b, and an actuator 606 has the length to a soffit mostly from 
the simultaneously upper limit of side-attachment-wall 194b in drawing 43 (B). 
[0196] Like ink cartridge 180D shown in drawing 43 (A), ink cartridge 180F shown in drawing 
43 (C) equip side attachment- wall 194b of the ink container 194 with two or more actuators 106, 
set a predetermined interval to confrontation of two or more actuators 106, and are equipped 
with the long breaking-the-water wall 192 in the vertical direction. It is desirable to use two or 
more really fabricated actuators 106 which were shown in drawing 24 as an actuator 106 of 
these plurality. The gap filled with ink is formed between an actuator 106 and the 
breaking-the-water wall 192. Moreover, the interval of the breaking-the-water wall 192 and an 
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actuator 106 is vacated for the grade by which ink is not held according to the vas-capillare 
force. When the ink container 194 rolls, the wave of ink occurs in the ink container 194 interior 
by rolling, a gas and a foam will be detected by the shock with an actuator 106, and an actuator 
106 may incorrect-operate by it. By establishing the breaking-the-water wall 192 like this 
invention, ****** of the ink of the actuator 106 neighborhood can be prevented and the 
incorrect operation of an actuator 106 can be prevented. Moreover, the foam generated because 
ink rocks the breaking-the-water wall 192 prevents invading into an actuator 106. 
[0197] Drawing 44 shows the operation gestalt of further others of an ink cartridge 180. Ink 
cartridge 180G of drawing 44 (A) have two or more septa 212 caudad prolonged from upper 
surface 194c of the ink container 194. Since the predetermined interval is vacated, the soffit of 
each septum 212 and the base of the ink container 194 are opening the pars basilaris ossis 
occipitalis of the ink container 194 for free passage. Ink cartridge 180G have two or more hold 
rooms 213 which two or more septa 212 were alike, respectively, and were therefore divided. 
The pars basilaris ossis occipitalis of two or more hold rooms 213 is mutually open for free 
passage. In each of two or more hold rooms 213, upper surface 194c of the ink container 194 is 
equipped with the actuator 106. It is desirable to use the really fabricated actuator 106 which 
was shown in drawing 24 as an actuator 106 of these plurality. An actuator 106 is arranged in 
the center of a simultaneously of upper surface 194c of the hold room 213 of the ink container 
194. The capacity of the hold room 213 is becoming small gradually as the capacity of the hold 
room 213 has the largest ink feed-hopper 187 side and it keeps away from the ink feed hopper 
187 into the ink container 194. Therefore, the interval by which an actuator 106 is arranged is 
narrow as the ink feed-hopper 187 side is large and keeps away from the ink feed hopper 187 
into the ink container 194. 

[0198] Since ink is discharged from the ink feed hopper 187 and air enters from the air inlet 
185, ink is consumed at the hold room 213 of the direction in the inner part of ink cartridge 
180G from the hold room 213 by the side of the ink feed hopper 187. For example, while the ink 
of the hold room 213 near the ink feed hopper 187 was consumed and the water level of the ink 
of the hold room 213 near the ink feed hopper 187 has fallen, ink is filled at other hold rooms 
213. If all the ink of the hold room 213 near the ink feed hopper 187 is consumed, air will count 
from the ink feed hopper 187, and will trespass upon the 2nd hold room 213, the ink in the 2nd 
hold room 213 will begin to be consumed, and the water level of the ink of the 2nd hold room 
213 will begin to fall. It counts from the ink supply room 187, and ink is filled at this time at the 
hold room 213 of the 3rd henceforth. Thus, ink is consumed in order at the hold room 213 
distant from the hold room 213 near the ink feed hopper 187. 

[0199] Thus, since an actuator 106 sets an interval to upper surface 194c of the ink container 
194 and is arranged every hold room 213 at it, an actuator 106 can detect reduction of the 
amount of ink gradually. Furthermore, since the capacity of the hold room 213 is becoming 
small gradually into the ink feed hopper 187 to the hold room 213, it can detect frequency 
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highly, so that the time interval to which an actuator 106 detects reduction of the amount of ink 
becomes small gradually and it approaches an ink end. 

[0200] Ink cartridge 180H of drawing 44 (B) have one septum 212 caudad prolonged from upper 
surface 194c of the ink container 194. Since the predetermined interval is vacated, the soffit of 
a septum 212 and the base of the ink container 194 are opening the pars basilaris ossis 
occipitalis of the ink container 194 for free passage. Ink cartridge 180H have two hold rooms 
213a and 213b divided by the septum 212. The pars basilaris ossis occipitalis of the hold rooms 
213a and 213b is mutually open for free passage. The capacity of hold room 213a by the side of 
the ink feed hopper 187 is seen from the ink feed hopper 187, and is larger than the capacity of 
hold room 213b in the direction of back. As for the capacity of hold room 213b, it is desirable 
that it is smaller than the half of the capacity of hold room 213a. 

[0201] Upper surface 194c of hold room 213b is equipped with an actuator 106. Furthermore, 
the buffer 214 which is the slot which catches the foam into which it goes at the time of 
manufacture of ink cartridge 180H is formed in hold room 213b. In drawing 44 (B), a buffer 214 
is formed as a slot prolonged in the upper part from side-attachment-wall 194b of the ink 
container 194. Since the foam which invaded in ink hold room 213b is caught, as for a buffer 
214, an actuator 106 can prevent an ink end and the incorrect operation to detect with a foam. 
Moreover, ink can be consumed to the last by applying the amendment corresponding to the 
consumption state of the ink in hold room 213a grasped by the dot counter to the amount of ink 
after an ink near end is detected until it will be in ink and a state completely by forming an 
actuator 106 in upper surface 194c of hold room 213b. Furthermore, the amount of ink after ink 
near end detection which can be consumed is changeable by adjusting the capacity of hold room 
213b by changing the length and the interval of a septum 212 etc. 

[0202] drawing 44 (C) ~ hold room 213b of ink cartridge 1801 of drawing 44 (B) - porosity - it 
fills up with the member 216 porosity - a member 216 is installed so that the whole space from 
the upper surface in hold room 213b to an inferior surface of tongue may be buried porosity - a 
member 216 contacts an actuator 106 During reciprocating movement the time of an ink 
container falling, and on carriage, air may invade in ink hold room 213b, and this may cause 
the incorrect operation of an actuator 106. however, porosity if it has the member 216, it can 
prevent catching air and air going into an actuator 106 moreover, porosity - since a member 
216 holds ink, when an ink container shakes, it can prevent applying ink to an actuator 106 
and an actuator 106 incorrect-detecting those without ink with those with ink porosity - as for 
a member 216, it is desirable to install in the hold room 213 where capacity is the smallest 
Moreover, by forming an actuator 106 in upper surface 194c of nature of hold 213b, amendment 
can be applied to the amount of ink after an ink near end is detected until it will be in ink and a 
state completely, and ink can be consumed to the last. Furthermore, the amount of ink after ink 
near end detection which can be consumed is changeable by adjusting the capacity of hold room 
213b by changing the length and the interval of a septum 212 etc. 
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[0203] drawing 44 (D) the porosity of ink cartridge 1801 of drawing 44 (C) - two kinds of 
porosity from which an aperture differs [ a member 216 ] - ink cartridge 180J constituted by 
Members 216A and 216B are shown porosity - a member -- 216A - porosity - a member - it is 
arranged above 216B upper porosity a member the aperture of 216A - lower porosity ~ a 
member - it is larger than the aperture of 216B or porosity - a member - 216A porosity -.- a 
member - liquid compatibility is formed by the low member rather than 216B the small 
porosity of an aperture - a member - the porosity of an aperture with the larger 216B - a 
member - since the vascapillare force is larger than 216A, the ink in hold room 213b gathers 
for lower porous room member 2 16B, and is held Therefore, once even an actuator 106 reaches 
and air detects those without ink, ink will reach an actuator again and it will not detect with 
those with ink. furthermore, the porosity of a side far from an actuator 106 - a member - 
****** of about 106-actuator ink becomes good by ink being absorbed by 216B, and the 
variation of the acoustic-impedance change when detecting ink existence becomes large 
Moreover, by forming an actuator 106 in upper surface 194c of nature of hold 213b, amendment 
can be applied to the amount of ink after an ink near end is detected until it will be in ink and a 
state completely, and ink can be consumed to the last. Furthermore, the amount of ink after ink 
near end detection which can be consumed is changeable by adjusting the capacity of hold room 
213b by changing the length and the interval of a septum 212 etc. 

[0204] Drawing 45 is the cross section showing ink cartridge 180K which are other operation 
gestalten of ink cartridge 1801 shown in drawing 44 (C). the porosity of an ink cartridge 180 
shown in drawing 45 - a member 216 - porosity - it is compressed so that the cross section 
with the horizontal lower part of a member 216 becomes small gradually towards the direction 
of the base of the ink container 194, and it is designed so that an aperture may become small 
ink cartridge 180K of drawing 45 (A) - porosity - in order to compress so that the aperture in 
the direction of under a member 216 becomes small, the rib is prepared in the side attachment 
wall porosity - a member - since the aperture of the 216 lower part is small by being 
compressed - ink - porosity - a member - it is collected in the 216 lower part and held the 
porosity of a side far from an actuator 106 - a member - by ink being absorbed by the 216 
lower part, ****** of about 106-actuator ink becomes good, and the variation of the 
acoustic-impedance change when detecting ink existence becomes large Therefore, when ink 
shakes, ink is applied to the actuator 106 with which the ink cartridge 180K upper surface was 
equipped, it can keep, and an actuator 106 can prevent incorrect-detecting those without ink 
with those with ink. 

[0205] on the other hand - ink cartridge 180L of drawing 45 (B) and drawing 45 (C) - porosity 
-- in order that the cross section with the horizontal lower part of a member 216 may compress 
in the cross direction of the ink container 194 to become small gradually towards the base of the 
ink container 194, the horizontal cross section of a hold room is becoming small gradually 
towards the direction of the base of the ink container 194 porosity - a member - since the 
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aperture of the 216 lower part is small by being compressed - ink - porosity - it is collected in 
the lower part of a member 216, and is held the porosity of a side far from an actuator 106 - a 
member " by ink being absorbed by the lower part of 216B, ****** of about 106-actuator ink 
becomes good, and the variation of the acoustic-impedance change when detecting ink existence 
becomes large Therefore, when ink shakes, ink is applied to the actuator 106 with which the 
upper surface of ink cartridge 180L was equipped, it can keep, and an actuator 106 can prevent 
incorrect-detecting those without ink with those with ink. 

[0206] Drawing 46 shows the operation form of further others of the ink cartridge which used 
the actuator 106. Ink cartridge 220A of drawing 46 (A) has the 1st septum 222 prepared so that 
it might be prolonged from the upper surface of ink cartridge 220A to a lower part. Since the 
predetermined interval is vacated between the soffit of the 1st septum 222, and the base of ink 
cartridge 220A, ink can flow into the ink feed hopper 230 through the base of ink cartridge 
220A. From the 1st septum 222, the 2nd septum 224 is formed in the ink feed-hopper 230 side 
so that it may be prolonged more nearly up than the base of ink cartridge 220A. Since the 
predetermined interval is vacated between the upper limit of the 2nd septum 224, and the ink 
cartridge 220A upper surface, ink can flow into the ink feed hopper 230 through the upper 
surface of ink cartridge 220A. 

[0207] Of the 1st septum 222, it sees from the ink feed hopper 230, and 1st hold room 225a is 
formed in the direction in the inner part of the 1st septum 222. On the other hand, of the 2nd 
septum 224, it sees from the ink feed hopper 230, and 2nd hold room 225b is formed in the near 
side of the 2nd septum 224. The capacity of 1st hold room 225a is larger than the capacity of 
2nd hold room 225b. The capillary tube way 227 is formed by vacating only the interval which 
can cause capillarity between the 1st septum 222 and the 2nd septum 224. Therefore, the ink of 
1st hold room 225a is brought together in the capillary tube way 227 according to the 
vas-capillare force of the capillary tube way 227. Thierefore, a gas and a foam can prevent 
mixing to 2nd hold room 225b. Moreover, the water level of the ink in 2nd hold room 225b can 
descend gradually stably. Since it sees from the ink feed hopper 230 and 1st hold room 225a is 
formed in the back from 2nd hold room 225b, after the ink of 1st hold room 225a is consumed, 
the ink of 2nd hold room 225b is consumed. 

[0208] The side attachment wall by the side of the ink feed hopper 230 of ink cartridge 220A, 
i.e., the side attachment wall by the side of the ink feed hopper 230 of 2nd hold room 225b, is 
equipped with the actuator 106. An actuator 106 detects the consumption state of the ink in 
2nd hold room 225b. By equipping the side attachment wall of 2nd hold room 225b with an 
actuator 106, when near, an ink residue is stably detectable with an ink end. Furthermore, it 
can set up freely which time the ink residue in is made into an ink end by changing the height 
which equips the side attachment wall of 2nd hold room 225b with an actuator 106. Since an 
actuator 106 is not influenced by the ink by rolling of ink cartridge 220A of rolling when ink is 
supplied to 2nd hold room 225b by the capillary tube way 227 from 1st hold room 225a, an 
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actuator 106 can measure an ink residue certainly. Furthermore, since the capillary tube way 
227 holds ink, ink protects flowing backwards to 1st hold room 225a from 2nd hold room 225b. 
[0209] The check valve 228 is formed in the upper surface of ink cartridge 220A. With a check 
valve 228, when ink cartridge 220A rolls, it can prevent ink leaking to the ink cartridge 220A 
exterior. Furthermore, the evaporation from ink cartridge 220A of ink can be prevented by 
installing a check valve 228 in the upper surface of ink cartridge 220A. If the ink in ink 
cartridge 220A is consumed and the negative pressure in ink cartridge 220A exceeds the 
pressure of a check valve 228, a check valve 228 will open, air will be inhaled to ink cartridge 
220A, it will close after that, and the pressure in ink cartridge 220A will be held uniformly. 
[0210] Drawing 46 (C) and (D) show the detailed cross section of a check valve 228. The check 
valve 228 of drawing 46 (C) has the valve 232 which has wing 232a formed of rubber. The air 
hole 233 with the exterior of an ink cartridge 220 counters wing 232a, and is prepared in an ink 
cartridge 220. An air hole 233 is opened and closed by wing 232a. If the ink in an ink cartridge 
220 decreases in number and, as for a check valve 228, the negative pressure in an ink 
cartridge 220 exceeds the pressure of a check valve 228, wing 232a will open inside an ink 
cartridge 220, and will take in external air in an ink cartridge 220. The check valve 228 of 
drawing 46 (D) has the valve 232 and spring 235 which were formed of rubber. If the negative 
pressure in an ink cartridge 220 exceeds the pressure of a check valve 228, a valve 232 will 
press and open a spring 235, will inhale external air in an ink cartridge 220, will close a check 
valve 228 after that, and it will hold the negative pressure in an ink cartridge 220 uniformly. 
[0211] instead of ink cartridge 220B of drawing 46 (B) forming a check valve 228 in ink 
cartridge 220A of drawing 46 (A) - 1st hold room 225a - porosity - the member 242 is arranged 
porosity - a member 242 prevents ink leaking to the exterior of ink cartridge 220B, when ink 
cartridge 220B rolls, while holding the ink in ink cartridge 220B 

[0212] As mentioned above, in the carriage and the ink cartridge of another object with which 
carriage is equipped, although the case where an ink cartridge or carriage was equipped with 
an actuator 106 was described, it unites with carriage and the ink tank with which an ink-jet 
recording device is equipped with carriage may be equipped with an actuator 106. Furthermore, 
you may equip with an actuator 106 the ink tank of the off-carriage method which supplies ink 
to carriage through the tube of carriage and another object etc. Furthermore, you may equip 
with the actuator of this invention the ink cartridge which the recording head and the ink 
container were united and was constituted possible [ exchange J. 

[0213] Various kinds of ink cartridges with an ink consumption detection function concerning 
the form of this operation were explained beyond "the liquid sensor and the storage means 
(consumption information memory)." These ink cartridges were equipped with liquid sensors 
(actuator etc.) and the storage means (semiconductor storage means). As a feature of the form 
of this operation, the function and advantage which are acquired with the combination of these 
composition are explained below. 
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[0214] When drawing 47 is referred to, an ink cartridge 800 is equivalent to the cartridge of 
drawing 1 . An ink cartridge 800 has the liquid sensor 802 and the consumption information 
memory 804. The liquid sensor 802 consists of the elastic- wave generating meanses or 
actuators which were mentioned above, and outputs the signal according to the ink 
consumption state. The consumption information memory 804 is one form of the storage means 
for the liquid containers of this invention. The consumption information memory 804 is the 
rewritable memory of EEPROM etc., and is equivalent to an above-mentioned semiconductor 
storage means ( drawing 1 , reference number 7). 

[0215] The record device control section 810 consists of computers which control an ink-jet 
recording device. The record device control section 810 has the consumption detection 
processing section 812. Ink consumption detection equipment is constituted by the 
consumption detection processing section 812, the liquid sensor 802, and the consumption 
information memory 804. The consumption detection processing section 812 controls the liquid 
sensor 802, detects a consumption state, writes consumption related information in the 
consumption information memory 804, and reads consumption related information from the 
consumption information memory 804 further. 

[0216] The record device control section 810 has the consumption information presentation 
section 814 and the printing motion-control section 816 further. The consumption information 
presentation section 814 shows a user the consumption status information which the 
consumption detection processing section 812 detected using a display 818 and a loudspeaker 
820. The figure which shows an ink residue to a display 818 is displayed, and the information 
sound or the synthesized speech which shows an ink residue is outputted from a loudspeaker 
820. Suitable operation may be guided by the synthesized speech. 

[0217] The printing motion -control section 816 controls the printing right hand side 822 based 
on the consumption status information which the consumption detection processing section 812 
detected. The printing right hand sides 822 are a print head, head move equipment, form-feed 
equipment, etc. For example, when it is judged that the ink residue of the consumption 
detection processing section 812 was lost, the printing right hand side 822 is made to stop 
printing operation. 

[0218] The record device control section 810 may control the composition of further others 
based on the detected consumption state. For example, ink supplement equipment, an ink 
cartridge swap device, etc. may be prepared, and they may be controlled. 

[0219] Next, the consumption information memory 804 is explained in detail. The consumption 
information memory 804 memorizes the consumption related information relevant to the 
detection of a consumption state which used the liquid sensor 802. Consumption related 
information includes the detected consumption status information. Consumption status 
information is memorized by the consumption status information storage section 806 of the 
consumption information memory 804. The consumption detection processing section 812 
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writes the consumption status information acquired using the liquid sensor 802 in the 
consumption status information storage section 806. And this consumption status information 
is read and it is used in the record device control section 810. 

[0220] It is advantageous in especially the desorption of an ink cartridge 800 to memorize 
consumption status information in the consumption information memory 804. Where ink is 
consumed to the middle, suppose that the ink cartridge 800 was removed from the ink-jet 
recording device. There is always consumption information memory 804 which memorized the 
ink consumption state together with an ink cartridge 800. The same ink-jet recording device is 
again equipped with an ink cartridge 800, or another ink-jet recording device is equipped with 
it. At this time, a consumption state is read from the consumption information memory 804, 
and the record device control section 810 operates based on the consumption state. For example, 
it turns out that it was equipped with the cartridge with few [ ink ] empty or ink residues, and 
that is told to a user. Thus, the consumption status information before an ink cartridge 800 can 
be certainly used after desorption. 

[0221] Consumption status information may memorize further the consumption state 
presumed from the amount of printings. The amount of printings is expressed with the number 
of dots of ink-jet record for example. The amount of ink corresponding to one dot is known 
beforehand. The difference of the amount of ink according to the size of a dot may be taken into 
consideration. Ink consumption can be presumed from the number of dots in printing 
processing. The liquid sensor 802 can detect passage of an ink oil level certainly. Then, it is 
suitable to presume the ink consumption state before and after oil-level passage from the 
amount of printings. This estimate is stored in the consumption information memory 804. 
[0222] In addition, detection of the oil level passage by the liquid sensor 802 is realized based 
on change of the residual vibration state mentioned above, for example. The residual vibration 
state corresponds to the acoustic impedance. Moreover, oil-level passage may be detected using 
the reflected wave to the elastic wave mentioned above. 

[0223] Moreover, consumption related information includes detection property information. 
Detection property information is information used when acquiring a consumption situation 
using a liquid sensor. With the gestalt of this operation, detection property information is the 
property which should be detected according to the consumption state of a liquid. Detection 
property information is information on the resonance frequency showing the size of an acoustic 
impedance. With the gestalt of this operation, front [ consumption ] detection property 
information and the detection property information after consumption are memorized as 
detection property information. The detection property information before consumption shows 
the detection property, i.e., the detection property in an ink full state, before starting 
consumption of ink. The detection property information after consumption shows the detection 
property of the schedule detected when ink is consumed to predetermined detection goals, and 
a detection property when an ink oil level is specifically less than the liquid sensor 802. 
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[0224] The consumption detection processing section 812 reads detection property information, 
and detects an ink consumption state using the liquid sensor 802 based on the detection 
property information. When the detecting signal corresponding to the detection property before 
consumption is obtained, consumption of ink does not progress yet but is considered that there 
are many residues of ink. It certainly turns out that an ink oil level is above the liquid sensor 
802 at least. On the other hand, when the detecting signal corresponding to the detection 
property after consumption is obtained, consumption of ink progresses and there are few 
residues. The ink oil level is less than the liquid sensor 802. 

[0225] One of the advantages of memorizing detection property information in the consumption 
information memory 804 is explained. A detection property is decided by various kinds of 
factors, such as a configuration of an ink cartridge, specification of a liquid sensor, and 
specification of ink. When design changes, such as improvement, are performed, a detection 
property may also change. If the consumption detection processing section 812 uses the always 
same detection property information, dealing with change of such a detection property is not 
easy. On the other hand, detection property information is memorized and used for the 
consumption information memory 804 with the gestalt of this operation. Therefore, change of a 
detection property can be coped with easily. Of course, when the ink cartridge of new 
specification is offered, a recording device can use the detection property information on the 
cartridge easily. 

[0226] Still more preferably, the detection property information for each ink cartridge of every 
is measured, and it is stored in the consumption information memory 804. even when the 
specification of an ink cartridge is the same, a detection property changes with manufacture 
dispersion For example, detection properties differ according to the configuration and thickness 
of a container. With the form of this operation, since each ink cartridge has the consumption 
information memory 804, detection property information peculiar to the consumption 
information memory 804 is storable. The influence of detection on manufacture dispersion can 
be reduced, and detection precision can be improved. Thus, the form of this operation is 
advantageous to a difference of the detection property of each ink cartridge. 
[0227] Moreover, detection property information may take the form of the "amendment 
information" on an amendment sake for the information for the detection which the printer 
driver of a printer (ink-jet recording device) has beforehand. The printer driver has the 
property information on the criteria for detection. The detection property information on the 
memory by the side of a cartridge is information on an amendment sake about the property 
information on criteria according to the individual differences of a cartridge according to the 
kind of cartridge. Concrete correction value is sufficient as detection property information. Or 
the delimiter of an amendment sake is sufficient as the detection property information as 
amendment information. Amendment corresponding to this delimiter is performed by the 
printer side. 
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[0228] The consumption information memory 804 memorizes the information about ink as a 
storage means of the liquid container of this invention further. The consumption information 
memory 804 memorizes ink kind information. Furthermore, this storage means memorizes the 
date of manufacture, cleaning sequence information, image-processing information, etc. These 
information can be used suitable also for control of an ink-jet recording device. 
[0229] Drawing 48 shows processing of the consumption detection processing section 812 using 
the consumption information memory 804. First, it is judged whether it was equipped with the 
ink cartridge (S10). Having been equipped with the ink cartridge used to a new article or the 
middle is detected. This processing uses the switch with which the ink-jet recording device was 
equipped (not shown). If equipped with a cartridge, detection property information will be read 
from the consumption information memory 804 (S12), and consumption status information will 
be read further (S14). The consumption information presentation section 814 of the record 
device control section 810 and the printing motion-control section 816 use the read 
consumption status information. 

[0230] The consumption detection processing section 812 detects an ink consumption state 
using the liquid sensor 802 based on the read detection property information (S16). The 
detected consumption state is stored in the consumption information memory 804 (S 18). This 
consumption state is also used for the record device control section 810. If it is judged whether 
the ink cartridge was removed (S20) and it is not removed, it returns to S16. 
[0231] Next, the suitable timing which stores detection property information in the 
consumption information memory 804 is explained. Here, it assumes storing the actual 
measurement of the detection property of each ink cartridge. 

[0232] If drawing 49 is referred to, the new ink cartridge carries the consumption information 
memory 804 which stored the standard detection property. A detection property is measured 
after an ink-jet recording device is equipped with this ink cartridge. A detection property is 
measured in between before a printing start from wearing. It is desirable to measure a 
detection property immediately after wearing to ensure measurement. 

[0233] A detection property is measured by the same method as detection of the usual ink 
consumption. A consumption state is detected using the liquid sensor 802, and the detection 
result (measured value) is recorded as a detection property at the time of a new article. The 
standard detection property of initial setting is changed into measured value. A start of 
printing detects a consumption state using the detection property after correction. The advance 
situation of ink consumption is grasped as a detection property from the difference with the 
detection result newly obtained. 

[0234] According to the form of this operation, by adjustment of such an early detection 
property, dispersion based on the individual difference of an ink cartridge can be absorbed 
appropriately, and improvement in detection precision can be aimed at. 

[0235] Another suitable timing which stores a detection property in the consumption 
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information memory 804 is explained. A detection property measure-oHnformation value may 
be stored in the manufacture process of an ink cartridge. Also in this case, dispersion based on 
the individual difference of an ink cartridge can be absorbed appropriately, and detection 
precision can be improved. Moreover, with this form, the measurement and record of a 
detection property before ink pouring are possible. Therefore, the measured value of both the 
detection property information before consumption and the detection property information 
after consumption is storable in the consumption information memory 804. 

[0236] Next, arrangement of the liquid sensor 802 on an ink cartridge 800 and the consumption 
information memory 804 is explained. 

[0237] As for the liquid sensor 802 and the consumption information memory 804, it may be 
arranged in a different place on an ink cartridge 800 ( drawing 1 , drawing 7 , etc.). Both 
composition may be arranged in a different place on the same wall surface on an ink cartridge 
800 ( drawing 42 ). It may be arranged at the wall surface from which, as for both composition, 
an ink cartridge 800 differs, respectively ( drawing 1 etc.). The wall surface in which the liquid 
sensor 802 is installed may lie at right angles to the wall surface in which the consumption 
information memory 804 is installed ( draw-ing 7 , drawing 9 ). 

[0238] Reference of drawing 50 is preferably equipped with the liquid sensor 802 and the 
consumption information memory 804 in the center of the container cross direction. In drawing 
50 , the feed hopper 830 is formed in the cartridge undersurface. The liquid sensor 802 and the 
consumption information memory 804 are formed in the wall. There are all these in the center 
of the container cross direction. Furthermore, the liquid sensor 802 and the consumption 
information memory 804 are formed near the feed hopper 830. The advantage of such 
arrangement is explained below. 

[0239] Drawing 51 (a) and drawing 51 (b) show the example of composition of positioning of a 
feed hopper. The square locating lug 832 is formed in the circumference of the feed hopper 
under a cartridge (not shown). A locating lug 832 is inserted in the positioning crevice 834 by 
the side of a recording device. The positioning crevice 834 has a locating lug 832 and a 
corresponding configuration. 

[0240] With the above-mentioned composition, an ink cartridge is positioned by the ink-jet 
recording device by the feed hopper 830. Both a feed hopper 830, the liquid sensor 802, and the 
consumption information memory 804 are formed in the center of the cross direction of a 
container. Therefore, the amount of position gaps of the liquid sensor 802 by such rotation 
though equipped with a cartridge in the state where it rotated somewhat horizontally focusing 
on the feed hopper 830, and the consumption information memory 804 decreases, and, thereby, 
positioning accuracy can be improved. 

[0241] Furthermore, as shown in the above-mentioned example, generally high positioning 
accuracy is required of a feed hopper, and the composition for positioning which fills this 
demand is prepared. By preparing a sensor and memory near the feed hopper, the composition 
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for positioning of a feed hopper functions also as composition for positioning of a sensor and 
memory. One composition for positioning acts not only on a feed hopper but on a sensor and 
memory. Positioning of a sensor and memory can be performed with easy composition. And 
improvement in detection precision can also be aimed at. 

[0242] Moreover, with the form of one operation, it is prepared on a desirable consumption 
detection substrate with same liquid sensor 802 and consumption information memory 804. 
Drawing 42 shows the example of such composition. In drawing 42 , semiconductor memory 7 
and the actuator 106 are formed in the same substrate 610. According to this composition, 
attachment of a sensor and memory is easy. In drawing 52 , further, the consumption detection 
substrate 836 is near the feed hopper 830, and is arranged in the center of the container cross 
direction. Thereby, a position gap can be made small as mentioned above. 

[0243] Moreover, a consumption detection substrate is preferably equipped with the 
attachment module object with which a liquid sensor (actuator) and the attachment structure 
were unified. The attachment module object is shown in drawing 32 etc. By adoption of an 
attachment module object, as mentioned above, a liquid sensor can be protected from the 
exterior. Moreover, attachment can become easy, work can be simplified and reduction of cost 
can be aimed at. 

[0244] If it returns to drawing 42, with the form of this operation, the positioning structure of 
positioning a consumption detection substrate to a liquid container is established. Although the 
reference number is omitted in drawing 42, as shown in the side elevation of drawing 42 (B), 
two or more salients for substrate attachment have projected toward the outside from the ink 
cartridge. This salient has a positioning function. The number of a salient is five. As shown in 
the front view of drawing 42 (C), the salient of two is prepared in one up and prepared in the 
center at 2 and a lower part. These salients have fitted into the tooling holes (and mounting 
hole) of a substrate 610. Since a substrate is positioned correctly by this, attaching position 
precision can be improved. 

[0245] The positioning structure of a substrate is not limited above. A salient may engage with 
a notch slot. A substrate may get into the crevice by the side of a container. At the time of 
wearing, the periphery of a substrate is restrained by the wall of a crevice and, thereby, 
positioning is realized. The perimeter of a crevice and the perimeter of a substrate do not need 
to have the same configuration. At least two ribs may be prepared in a crevice, and a substrate 
may be pinched by these ribs. 

[0246] Next, the gestalt of another operation of this invention is explained. 

[0247] Drawing 53 is the functional block diagram of the ink-jet recording device equipped with 
the ink consumption detection equipment of the gestalt of this operation. Unlike the 
composition of drawing 47, an ink cartridge 900 is equipped only with the liquid sensor 902. 
The consumption information memory 910 is arranged at the record device control section 904. 
[0248] The recording device control section 904 has the consumption detection processing 
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section 906, the consumption information presentation section 912, and the printing 
motion-control section 914 like the composition of drawing 47. The consumption information 
presentation section 912 shows a user the detected consumption state using a display 916 and a 
loudspeaker 918. The printing motion-control section 914 controls the printing right hand side 
920 based on the detected consumption state. 

[0249] The record device control section 904 has the cartridge discernment section 908 further. 
Ink consumption detection equipment is constituted by the consumption detection processing 
section 906, the cartridge discernment section 908, the consumption information memory 910, 
and the liquid sensor 902. 

[0250] The cartridge discernment section 908 discriminates the ink cartridge with which the 
ink-jet recording device is equipped. The consumption related information corresponding to the 
discriminated ink cartridge is read from the consumption information memory 910. As 
mentioned above, consumption related information includes consumption status information 
and detection property information. The consumption status information which it is as a result 
of detection is used in the consumption information presentation section 912 and the printing 
motion-control section 914. Detection property information is used for detection processing in 
the consumption detection processing section 906. 

[0251] The example of above detection equipment of operation is explained. When equipped 
with an ink cartridge 900, the cartridge discernment section 908 discriminates an ink cartridge 
900, and records identification information on the consumption information memory 910. For 
example, the identification number attached to the ink cartridge 900 is read. Identification 
information may come to hand from the liquid sensor 902. Moreover, in the case of wearing, as 
explained using drawing 49, a detection property is measured and it is stored in the 
consumption information memory 910. A consumption state is measured using this detection 
property, and it is recorded on the consumption information memory 910. 

[0252] An ink cartridge 900 is removed and suppose that it was equipped again. At this time, 
the information on the cartridge with which it was re-equipped remains in the consumption 
information memory 910. The information is read and it is used for subsequent processings. 
[0253] Thus, according to the form of this operation, even when consumption information 
memory is arranged at the recording device side, the same advantage as the form of 
above-mentioned operation is acquired. 

[0254] Various kinds of further deformation adapting the form of this operation is also possible. 
For example, consumption information memory may be divided into an ink cartridge and the 
record device control section. One side may record a consumption state and another side may 
record detection property information. Moreover, one side may record standard detection 
property information, and another side may record the measured value of a detection property. 
[0255] With the form of another operation, consumption information memory may be prepared 
in an ink cartridge, and a liquid sensor may be formed in a recording device side. The example 
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of such composition is shown in drawing 15. Furthermore, the composition which prepared hoth 
a liquid sensor and consumption information memory in the recording device is also employable. 
[0256] Other modifications about the form of operation are explained. 

[0257] With the form of this operation, the consumption state which it is as a result of detection, 
and the detection property information used for detection were recorded on consumption 
information memory as consumption related information. On the other hand, only one 
information may be recorded. 

[0258] In drawing 47 and drawing 52, one liquid sensor was formed in the ink cartridge. On the 
other hand, two or more liquid sensors may be formed. A consumption state more detailed than 
using the liquid sensor of these plurality is recorded. Moreover, it is desirable to record 
detection property information for each liquid sensor. 

[0259] The liquid sensor was constituted from the piezoelectric device by the form of this 
operation. As mentioned above, change of an acoustic impedance may be detected using a 
piezoelectric device. A consumption state may be detected using the reflected wave to an elastic 
wave. The time from generating of an elastic wave to arrival of a reflected wave is found. A 
consumption state should just be detected by a certain principle using the function of a 
piezoelectric device. 

[0260] With the form of this operation, while the liquid sensor generated vibration, the 
detecting signal which shows an ink consumption state was generated. On the other hand, a 
liquid sensor generates vibration personally and may also drop off. That is, a line trap potato is 
good in both oscillating generating and a detecting-signal output. Vibration is generated by 
another actuator. Or when vibration occurs in an ink cartridge with movement of carriage etc., 
a liquid sensor may generate the detecting signal which shows an ink consumption state. Ink 
consumption is detected by printer operation using vibration generated automatically, without 
generating vibration positively. 

[0261] The function of drawing 47 and the recording device control section of drawing 52 does 
not need to be realized by the computer of a recording device. A part or all functions may be 
prepared in an external computer. A display and a loudspeaker may also be prepared in an 
external computer. 

[0262] With the gestalt of this operation, the liquid container was an ink cartridge and liquid 
use equipment was an ink-jet recording device. However, ink containers other than an ink 
cartridge and an ink tank are sufficient as a liquid container. For example, the sub tank of a 
head end may be used. Moreover, the so-called off-carriage type of cartridge is sufficient as an 
ink cartridge. Furthermore, this invention may be applied to the container which holds liquids 
other than ink. 

[0263] As mentioned above, although this invention was explained using the gestalt of 
operation, the technical range of this invention is not limited to the range given in the gestalt of 
the above-mentioned implementation. Various change or improvement can be added to the 
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gestalt of the above-mentioned implementation. It is clear from the publication of a claim that 
the gestalt's which added such change or improvement it may be contained in the technical 
range of this invention. 
[0264] 

[Effect of the Invention] As explained above, according to this invention, by adoption of 
composition of equipping a liquid container with a storage means, a detection result can be 
used suitably and improvement in ability to detect is attained. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing l] It is drawing showing monochrome, for example, one example of the ink cartridge 
for black ink. 

[Drawing 2] It is drawing showing one example of the ink cartridge which holds two or more 
kinds of ink. 

[Drawing 3] It is drawing showing one example of the ink-jet recording device suitable for the 
ink cartridge shown in drawing 1 and 2. 

[Drawing 4] It is drawing showing the detailed cross section of the sub tank unit 33. 
[Drawing 5] It is drawing showing the manufacture method of the elastic-wave generating 
meanses 3, 15, 16, and 17. 

[Drawing 6] It is drawing showing other operation forms of the elastic- wave generating means 
3 shown in drawing 5 . 

[Drawing 7] It is drawing showing other examples of the ink cartridge of this invention. 
[Drawing 8l It is drawing showing the example of further others of the ink cartridge of this 
invention. 

[Drawing 9] It is drawing showing the example of further others of the ink cartridge of this 
invention. 

[Drawing 101 It is drawing showing the example of further others of the ink cartridge of this 
invention. 

[Drawing ll] It is drawing showing the operation gestalt of further others of the ink cartridge 
of this invention. 

[Drawing 12] It is drawing showing other operation gestalten of an ink cartridge shown in 
drawing 11 . 

[Drawing 13] It is drawing showing the operation gestalt of further others of the ink cartridge 
of this invention. 

[Drawing 14] It is drawing showing the flat surface of the operation gestalt of further others of 
breakthrough lc. 
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(Drawing 153 It is drawing showing the cross section of the operation gestalt of the ink-jet 
recording device of this invention. 

f Drawing 16] It is drawing showing the operation gestalt of the ink cartridge suitable for the 
recording device shown in drawing 15 . 

[Drawing 17] It is drawing showing other operation gestalten of the ink cartridge 272 of this 
invention. 

[Drawing 18] It is drawing showing the ink cartridge 272 of this invention, and the operation 
gestalt of further others of an ink-jet recording device. 

[Drawing 19] It is drawing showing other operation gestalten of an ink cartridge 272 shown in 
drawing 16 . 

[Drawing 20] It is drawing showing the detail of an actuator 106. 

[Drawing 21] It is drawing showing the circumference of an actuator 106, and its equal circuit. 
fDrawing 22] It is drawing showing the relation between the density of ink, and the resonance 
frequency of the ink detected by the actuator 106. 

[Drawing 23] It is drawing showing the counter-electromotive -force wave of an actuator 106. 
[Drawing 24] It is drawing showing other operation gestalten of an actuator 106. 
[Drawing 25] It is drawing showing some cross sections of the actuator 106 shown in drawing 
24. 

[Drawing 26] It is drawing showing the cross section of the whole actuator 106 shown in 
drawing 26 . 

[Drawing 27] It is drawing showing the manufacture method of the actuator 106 shown in 
drawing 24 . 

[Drawing 28] It is drawing showing the operation gestalt of further others of the ink cartridge 
of this invention. 

[Drawing 29] It is drawing showing other operation gestalten of breakthrough lc. 
[Drawing 30] It is drawing showing other operation gestalten of an actuator 660. 
[Drawing 31] It is drawing showing the operation form of further others of an actuator 670: 
[Drawing 32] It is the perspective diagram showing the module object 100. 

[Drawing 33] It is the exploded view showing the composition of the module object 100 shown in 
drawing 32 . 

[Drawing 34] It is drawing showing other operation forms of the module object 100. 

[Drawing 35] It is the exploded view showing the composition of the module object 100 shown in 

drawing 34 . 

[Drawing 36] It is drawing showing the operation form of further others of the module object 
100. 

[Drawing 37] It is drawing showing the example of the cross section which equipped the ink 
container 1 with the module object 100 shown in drawing 32 . 

[Drawing 38] It is drawing showing the operation form of further others of the module object 
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100. 

[Drawing 39] It is drawing showing the operation form of the ink cartridge using the actuator 

106 shown in drawing 20 and drawing 21 , and an ink-jet recording device. 

[Drawing 40] It is drawing showing the detail of an ink-jet recording device. 

[Drawing 4l] It is drawing showing other operation forms of an ink cartridge 180 shown in 

drawing 40 . 

[Drawing 42] It is drawing showing the operation form of further others of an ink cartridge 180. 
[Drawing 43] It is drawing showing the operation form of further others of an ink cartridge 180. 
(Drawing 44] It is drawing showing the operation form of further others of an ink cartridge 180. 
[Drawing 45] It is drawing showing other operation forms of an ink cartridge 180 shown in 
drawing 44 (C). 

[Drawing 46] It is drawing showing the operation form of further others of the ink cartridge 
using the module object 100. 

[Drawing 47] It is the block diagram showing the composition which prepares a liquid sensor 
and consumption information memory in an ink cartridge with an ink- jet recording device. 
[Drawing 48] It is the flow chart which shows operation of the consumption detection 
processing section of drawing 46 . 

[Drawing 49] It is drawing showing the record timing of the detection property to the 
consumption information memory of drawing 46 . 

[Drawing 50] It is drawing showing the liquid sensor to an ink cartridge, and the example of 
arrangement of consumption information memory. 

[Drawing 51] It is drawing showing the example of arrangement of the feed hopper of an ink 
cartridge. 

[Drawing 52] It is drawing showing the liquid sensor to an ink cartridge, and the example of 
arrangement of consumption information memory. 

[Drawing 53] It is drawing showing the example of the ink-jet recording device concerning the 
form of another operation. 
[Description of Notations] 
800 Ink Cartridge 
802 Liquid Sensor 

804 Consumption Information Memory 

806 Consumption Status Information Storage Section 

808 Detection Property Information-Storage Section 

810 Record Device Control Section 

812 Consumption Detection Processing Section 

814 Consumption Information Presentation Section 

816 Printing Motion- Control Section 
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[Translation done.] 
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